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of the tread portion, and vifhwh further includes a steel 
cord as a reMbrdng inaterial for reinfDTcing at least one 
layer of the carcass portion and the tjelt layer. The steel 
cord is fonned by plying a plurality of fiaments each 
having a strand diameter of 0. 1 25 to 0^75 mm. and has 
an inflection point on an S-S curve. A reduction rate of a 
diameter of the steel cord under a toad stress which is 
one third of txeaking strength in comparison with a no 
load condition is equal to or more than 20%. 
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Description 

BACKGROUND OF THE INVENTION 
5 Reld of the Invention 

[0001 1 The present Invention relates to a pneumatic tire, and more particularly to a pneumatic radial tire lor passenger 
cars having excellent riding comfort and stick slip resistance and c^^ 
nal pressure is lowered. 

10 

Description of the Related Art 

ID002] In the case of a relatively srnall radial tire such as a radial lire for passeng^ 
polyester, rayon and the fite are generally used for a carcass ply material, a^ 
IS Since 8uitiA3leri(finga)mfort is required in a tire for passenger cars, ^ 
tires for tnjdcB and buses is not frequently used as a reinforcing mate^ 
[0003] Howreverjnrecem years, it has been suggested that the steel cord t)e applied 
of a relatively compact siza 

[0004] For exarrple. in Japanese Patem Application Laid<)penly^ 
so constnjctionwithafiamentdiameterof0.15lD0^rnmisdescribed.t^^ 
comfort is sil left unsolved and since a stick slip phenomenon (a phenoni^^ 

denly kwvered when the angle of the steering wheel reaches a certain limit when suddenly turning the steering wheel 
whOe running, causing a side sl'^) is observed although so-called "(steering) stabilit/* while (during) normal operation 
is improved, there still remains major problems in practical use. 
25 Vmsi Further.inJapanesePatemAppUcatk)nLaki-Openf^to.63*265,^^ 
flexural rigicfity is lowered by setting the nurrfoer of cord strand 

strands to b^een 0.1 5 to 0.21 mra However, tensile stress at a specific extension (hereinafter, often referred to as a 
modulus) is high. ooiTV)ression fatigue problems have not been Inproved. and stick slip restetance perfonnance is 
sGghtly improved but is far behind the level acNeved by organic f ber. 
30 [POOO] Still furtherjn Japanese Peiert Application Laid<)penNa 4-25^^ 

which guarantees the open characteristics of a 130 structure, however, em in this ca^ 
to the level achieved by oiganfo ffber is not reliably ensured, an^ 
level of organicffoer. 

[0007] Furlhemiore. in WO 97/1 4,566. it is suggested that a steel cord whose strength is improved be used for the 
35 ply cord. However Jn this case, there is no conskforation of flexuralri^^ 

theweigmofthecordisslighttyreducedduelottie use ofahigh strength steel rvBl^ 
ance rnentioned above is likBly to sbl rernain a great problem. In addition oor^ 
of guaranteeing safety 

[pOOq In addition, in Japanese Patent Application LakK)pen No. 89-221,708. tiiere is suggested a socaHed strand 
40 cord conslnx;tion using strands each having a strand cfian^ 

catiorf Uud<)pen ^toL 1-30.803, there is suggested a 1 + (1 X n) const^ 

(Dpen Na 58^1.703, there is suggestedaS X sstrandosnstnjction and the lika H^ 

by these constnxrtions is stiD far from overcorring the above-descriM 

[0009] When using a steel cord for the carcass ply, ttie ^'p force of the tire is reduced for the folowing reasons. In 
45 general, if an organfo cord is used as the carcass ply cord, when a great torsfonaldeform^^ 
the belt layer undergoes a scHaUed bias deftxmation and absorbs the deforrnatio^ 
fordng cord of a belt layer (hereinafter, the reinfordng coid wOl frequentfy te 

the carcass ply cord is made of steel, since all three lines of a triangle forrried by the two belt cords and a carca» 
cord are the steel cord whnh undergoes almost no compression, the bias deformation of ttie belt is restricted. TTiat is, 
so the torsional defomnation of the tire can no tonger be fully absorbed by ttie deformation of ttie belt portion, causing ttie 
tire tread surface to unavoklably float up from ttie road surface As a result, the tire tread surfeoe toses its grip of ttie 
road surface. 

[001 0] Accordingly, when ttie steering wheel is turned to more ttian a certain steering angle, ttie tire cannot wittntand 
the deformation caused by such a vnde steering an^e, and ttie ply cord suddenly buckles and deforms, so that ttie type 
55 grip of ttie road surface is fost causing a so - called stick slip phenomenon. This gpves a ^reat risk to ttie safety of ttie 
car and causes a lost of steering wheel stability when ttie steering wheel is suddenly turned in an emergency. 
[001 1 ] On ttie ottier hand, there is a disadvantage in ttie organic ffoer (a polyester, a rayon, a nylon and ttie like men- 
tioned above) having a tow modulus (ttiat is, a fow tensile stress at a speciffo extension), which is generally used as ttie 
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reinforcing material (a ply coid) of a carcass ply for a compart size tire having a relalively low internal pressure. Such 
types having a relatively low internal pressure are geneiafly used for passenger cars or light tmcks or the Bka In the 
case off polyester, since the modulus is lowered under the high temperature when the tire is vulcanized, a socalled post 
cure inflation (hereinafter, refferred to as a PCI) is required after the tire vulcanization process, therefore the procfcjctivity 
5 off tfie tire is deteriorated. Further, there are some concerns in the kx)ndingbe^ 
position, and decrease in the nrxxiulus of the cord due to the heat generated at fu^ 
or duratMTity off the tire may be deteriorated. 

[0012] In the case of rayon, it is considered that the PCI is not required since the modulus is not lowered as much at 
the high tenperatua However, since piip » used for the raw material, there is a demand to replace the raw material 
10 wHh something elsa Further, since suHuric add is used in the manufacturing process thereof, there might also l>e the 
problem off environmental polutioa Finally, as for nyloa since nyto 
polyester and rayon, there is the dsadvantage that the control stability is ^ 
comfort In addition, the PCI is indispensable in case off nylon. 

[0013] Further, organic nbers off this kind require a boncfing treatment (hereinaftBr. referred to as a dip trealmenQ for 
IS obtaining adhesion to the matrix rubber composition. 

[9014] Siil further, organfofber causes a problem when rt is used for a nm fiat fr^ 

structu'ed such that sale nmning can be ensured even when the tire is punctured. 

[0015] VVhen run flat tire is used, the user is abfo to saffely move the vehicte to a place where the ti^^ 

even when the tire is puncttred. and from the view point of the vehicle producer, since it is not necessary to mount a 
20 conventional spare tire on the vehicle, merits such as a wider space in the vehicle, reduced vehicle weight and the i® 

can t>e otytained. 

[9016] However, in the case of the run fim tire, since the tire nins in a stale in which the inte^ 

is lower, it has to experience a considerable amount of a <fistortion and deformation. Therefore, a Nglh level of heat 

resistance is required for the lire such that it can overcorne severe probterns Gke r^ 
25 cfoe to heat generated tv the distortion and defonnation of the lira 

[9017] In Older to secure such heat resistance at a tenperature equal to or niore than 200^ 

eiHtion of the niiber needs to be restricted but also the heat resistance off the c^ 

matrix at3ber cotrposition and the cord nusi be improved. Howevw 

there has been the (fisadvantage that the heat resistance of the cord itself or that off 
30 ntterconY)05ition and the coid is insufffidenL When a steeled 

vantage is improved, however, the other disadvantages inherent to the steel cord mentioned above are then caused. 

[DOiai to sunrwiiary. since the steel a)rd has a NghertensUe modulus and a higher 

harder than normal organic fiber, a lot of advantages such as an improvement of strength, an improvement in heat 
resistance, and the I to are achieved vtfhen the steel a>rd is used for the carcass 

35 low intemal pressure and having a relalh^cornpart size such as the tire for passo 
the other hand, the reduction in riding comfort the inaease in the tire weight an^ 
the belt rigidity being too high are generated. These give a great concern for the 8 
cause for losing the steering slabiity If the steering wheel is suddenly turned in an enn^ 
[0019) (>itheotherhand. when organic fber is used instead of steel cord for the canasspl^ 

40 compact tire, tfiere have been disadvantages in view of the productivity of the tire and the ike. 

SUMMARY OF THE Iff^NTION 

[0020] Accordingly, in view of the facts rnentioned above, when a steel cord is us^ 
45 used in a relativeiy low internal pressure slate such as the lire for a passenger car, i^ 
kinds of problems in order to nriake ttie best use of the advantages off the st^ 
disadvantages menlfoned abova 

[9021] Atfffstinordertoimprovericingconrifortitisnecessarytoreducebeltrigtf^^ 

off the belt such that an increase in the rigi(% off the belt portfon due to the steel ply c^ Further, in 

so order to improve slx;k slip perfbrrnance. it is necessary to reduce the rigidity (pa^ 

tread, that is. of the belt portfon, such that the tire tread can be easily defomied so as to te 
the road surface under various kinds of conditions. 

[9022] In sufmiary,rt is an obfert of the presort invention to provide a pneurnatfo tire h^ 
and stick si'qp resistance while maintaining a high level of durability and steering stability. 
55 [0023] The Inventois have paid partfoular attention to the steel cord so as to sohfe the pro^ 

aresultof keen conskJeratfon, they have discovered that the ot)jert mentfoned above can be achieved by. for example, 
using a specifffo steel cord as a reinfbrdng rnaterial for at least one layer of retnfa 
presort inventfon has been completed on the basis of this discovery. 
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[0024] The pneumalto tire for a passengers of the present invent 

carcass layer extending over bolh bead portioris, al least 

tread portion positioned at an outer peripherai side of the t)eit layer, side ^ 

of the tread portioa and a steel cold serving as a reinfordng nfiate^ 
5 [0025] A dovm carcass nK^ further disposed, preferably, outside the turn 

[0026] The reinforcing layer wNch is reinforced by the specific steel cord comprises tiie specific steel cord and a 

matrix rubber composition, and includes carcass layer. beH layer, belt reinforcing layer, and at least one layer of either 

belt portion or carcass portion being reinforced by this steel cord is preferaUa And more preferably, tiie specific steel 

cord is used at least one layer of carcass portion. 
10 IP027] It is desinfole that the pneumatic tire for tiie passenger cars of the present invention is 0^ 

which does not include a post cure inflation process during the tire manufacturing process. 

[0028] In accordance wittittie first aspect of ttiepresem invention, a specifics^ 

of at least one layer of tiie carcass portion (hereinafter, often referred to as a ply cord.) 

[00291 MorespedficaHy. in accordance wittittie first embodimem of tiie presem invention, at least o^^ 
IS carcass portion is rekiforcedwitti tiie specific steel cord, vvherein tiie sted 

rnentseach liavingafilaniemdianriGterof0.125to0.275mnri. hasaninftoc 

a range of over 1% of extension ratioi and has a cord diameter reduction rate of equal to 

[0030] K is desirable tiiat tiie abcv&<iescri>ed steel oxdcfianieter reduction 

it is further desirable ttiat it is equal to or more ttian 45 %. 
20 [00311 Furttier.atleastonebeltreinforcingl^ermaybedisposedThebeltreinforcinglay^ 

cord. 

[0032] It is desirable tiiat tiie constnjction off tiie steel cord is a single layer construction oll^ 
able tiiat tiie steel cord is used as a reinforcing nriaterial in ttie carcass lao^ 

[0O33] Furtiier. In accordance witti a second aspect of tiie presem invention, al least one layer of tiie carcass p^ 
2S of atireforpassenger cars is reinforced by asteel ooid havinga 1 x3structure.andtiieduc^ 
steel oxd is equal to or nwre than 3.5 %> and tiie strand dianieter of tiie fiament 0) 1 

0.275 mm. 

[0034] ft is desirable ttiat tiie steel cord is a cord havkig an inflection poimwittiin a ra^ 

on an S-S cunre ttiereof. Furttier. ft is desirable to have at least one beft reinforcing layer fbnned kyy being wound outside 
30 tiie beft layer in a spiral and endless rnanner so as to be substantiaOy in paralel to a tire periph 
beft reinforcing layer dispoeed across tiie entire beft layer andfor at bott^ 
[0O35] TheinventorshaveparticularpaidattentiontothebeftlayerGordsoastoso^ 

As a resuft of keen consideration, tiiey have discovered ttiat tiie object mentioned above can be achieved by using an 
organic fber cord or a specific steel cord for at least one of tiie beft layers in order to reduce ttieflexuralrigidftyGfttie 

35 beft portioa The present invention has been conpleted on the basis of tills discovery. 
[0036] More spedficaByJn accordance wfth a ttiird aspect of ttie presort inventioa^ 
layer is made of steel and at least one Gl ttie beft layers comprises an organic ffoer cord, 
is fbrnried by plying a pluralfty of filaments each fiaving a dianwto 
an S-S curve ofttie cord wHhfo a range of ever 1% of exten si o n rate and a dianielerreducB^ 

40 ttian35%. 

[0037] ft is desiraUe that ttie organic ffoer cord is a polyester cord or an arani^ 
[0O38] In addition, a beft reinforcing layer may be disposed. 
[0039] Furttier, the inventors have specffically considered a niotion of ttie^^ 
As a resuft. ttiey fiave (fiscovered tiiat a pneumatic tire for passenger cars having an eoc^ 
45 by using a spedfic steel cord as a ranfbrdng cord and furtiier by disposing a oonp^ 

matrix mbbercomposftion in the side wall. In ttiis pneumatic tire, tiie rolBngresislance of tiie tire can be lowered. The 
present invention has been completed on tiie basis of tills discovery. 

[0040] ^toe specifically, in accordance wfthafdurtti aspect ofttie presort invention, ttiere is p^ 
wherein at least one carcass ply is reinforced by a steel cord having a 1 x n constaiction (here, n is a natural number 
50 of 2 to 7). the dianieter of tiie steel cord filamert is 0.125 to 0.2^ nrm The steel cord furttier h^ 

S-S curve of ttie steel cord has an irtlection poirt wittiin a range of over 1 % of extension and a diameter reduction rate 
of 35% or niore. or ttie ductility before breaking of tiie steel cord talm ort from th^ 

[0041 ] A atter reinford ng layer having a cross section formed in a crescert shape is furttier disposed inside the car- 
cass ply layer in ttie side wall portioa Furttier, at least one rubber *filamert fber conposfte having a ttiickness of 0.05 
55 to 2.0 mm, which comprises a filamert ffoer having a diameter or a maxlnfum diameter of 0.0001 to 0.1 mm and a lengtti 
of 8 mm or more and a njbt>er componert. is disposed inside ttie mbber reinforcing layer. 
[0042] ftisdesirablethatttiefiamertffoeris4to50%kiyweigrtofttienA3berandtilamertfib^ ftisalso 
desirable ttirt ttie aUier and fflanriert ffoer conposfte is constituted ^ 
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10 to 300 g/hi^ and nralrix fitter ooiiYX>s^ 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [004^ 

Fig. 1 is a schematic cross 8ectk>nal view Gl a pneu^^ 
Invention in wtiich a specific steel cont is used for at least one ofltie reinforcing layer. 
Fig. 2 is a schematic croGS sectional view which shorn a modeled ex^^ 
10 car shown In Rg.1. 

Fig. 3 is a schematic cross sectional view of a mn flat lire oonresponding to anoA 
matic tire for a passenger car shown in Fig. 1. 

Fig. 4 is a schematic view which explains a pitch length and forming amount of a filament of the steel cord in the 
fast embodiment 

IS Fig.5i8agnaphwhichshQwsan&-Scunfeofasteeloordinanexampleofthefir5ten^ 
comparative exanpies. 

Fig. 6 is a graph which shows a compression fatigue characteristic of the steel cord n 
the first embodknent and corresponding comparative examples. 

Fig. 7 is a graph which shows an S-S cunre of a steel cofd in an example of the second ei^ 
20 spending compaiHtive escaniples. 

F«. 8 is a graph which shows an S-S cun« of a steel cold in an example of the tNrd eri^ 

ing comparative examples. 

Fig. 9A Is an e}9)lanatDry view which shows an outline of the disposition of each member In a tire side portion of 
the pneumatic tire used for a example of the fourth embocfiment and corresponding corrparative examples. 
25 Fig. 9B is an eoqilanatory view which shows another outline of the dlsp^ 

(a carcass portion) of the pneumatic tre used for an eoGuiple of the fourth embocfiment and corresponc&ig com- 
parative examples. 

Fig. 90 is an explanatory view which shows a further outline of the cfisposit^ 
(a carcass portion) of the pneunnate tire used for an GDoarple off the fbu^ 
30 parative exanple& 

Fig. 1 0A is an explanatory view which shorn an outline of the disposilion of each 
a modified example of the fourth embodiment 

Fig. 10B is an explar»tory view which shows am>theroutGne of the dteposi^ 
tion of a modified example ol the foirth eniibodiment 
35 Fig. lOCisanexpianatoryviewwhichshowsafurlheroutlineoflhedispositkmof eachrne^ 
tion of a nrocfified example off the fourth eiii)o di inent 

DESCRIPTION OF THE PREFERRED EXAMPLES 

40 [q044] Each embodiment wvili be eoplained briefly and then described in detaB with reference to the experimental 
eatoplea However, the invention is not limftedtothesee)^^ 
present Invention. 

[0045] The rnaterial of the specBc steel cord is not particularly DfTOted and any 

cord having a tensile strength of about 300 kgCft^m? to a soK»lled ultra hlg^ tensile strength cord having a tensUe 
45 strength of 400 kgffem? or more can be used. 

I!004S] The spf.cific steel cord is obtained by controOing some of the characteristics of tiie cord, such as filament cfiam- 
eter. ducb'Gty before brealdngp construction, reduction rate of the cord diameter, shape of the stressrstrain cunre (S-S 
curve). 

PXATI The reduction rate of cord diameter here means a rate off a cord diarneterurider a 1^ 
so breaking ((jy to the cord diameter under no load stress (do). 

Reduction rateof diameter » {d|/do) x 100 (%) 

[0048] In the case cf a norrnal steel coid,tiieducfaTity before brealdng is about 2% in botii 
55 however, in the present embodiment it is preferable ttiat the ductility before breaking of the cord is larger than that. This 
can be achieved by enlarging the ductility before breaking of ttie filament. For tiiis reason, the filament having a ductility 
bekxe breaking equal to or more than 5%, and preferably equal to or niore than The filament having 

a ductffitytMffbre breaking equal to or rnoreflian 5% can be obtavied by increasing the nragnitude of fonn^ 
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to the normal ply oord. However a method other than the means for increasing the magnitiide of formation can be 
employed. The fOament which has t>een provided with a high dudiDty before kxeaking in this way can defomi in a rela- 
tively free manner when receiving the compression or extension dtetortion stress within the coid. Accordingly, the txjck- 
ling of the cord due to the compression defomiation is not called as in the conventional steel oord. the filament can 
5 absoifo the distortion at the time of the compression deformation by the deformation of the curvature off the filament 
itself, and the oonpression modulus of the ONd can be significant^ 

widely improved. And the stick slip phenomenon can be eiminaled since the buckling found in the oonventkxial steel 
cord is not generated. 

[P049I As descnbed above, the filament has the capability of moving in a relatively free manner, however, when the 
10 eKtensk>n stress is appliedp the filannent loses the freely movable surphjs space, and enters the material deformainn 
stage, which will restit in the cord breakage relatively sooa So the reduction 
than certain valua 

[00501 The extension and compression characteristk; of the steel cord can be optionally ch^ 
the magnitude of forming of the filament Generally, the more the magnitude of forming, that is, the greater the (fiameter 
IS of the oord. the better the fatigue resistance of the cord. However, when the m^ 
large, the diameter of the cord itself beconies too bia thus in the case of a tire 

such as tires for a passenger car, an unevenness is generated in the side appearance or It may be necessary to 
increase the tiiickness of tfie rubber gauga In order to avoid such a nuiscarice, the diameter of ttie cord has to be fim- 
rted. In short it is preferable that flie ductility before breaking of the cord is within 15 prefMbly within 1 0 %^ and 
20 more preferably within 8%. 

[0051] And it is considered tiiatttiereinfcmang oord in the tire receives only abo^ 

specific steel cord used in ttie present invention, which can easily extended particularly under a km stress, and has an 
initial extension modulus similar to that of nyk)n or a polyester, will provide an improved rkfing comfort property to the 
tire. 

2S IO0S2] Further, ttie special steel cord nientioned above is characterized by absorbing ttiedis^ 
the deformation of the cun^ature ol the flanient at the beginning of ttie d^on^^ 

stress due to ttie deformation of curvature of ttie filament at ttie begkining of ttie extension deformation (hereinafter 
referred to as a curvature delorrnation area), and when the fiaments are brought i^ 

ttie defbnnation ttiereof does not progress any more, ttie material itself of ttie fiament finely deforms (hereinafter 
30 refenred to as a defbnration area. Accordingly, ttie elfect of ttie tensile stress in ttie cun^re deformation area and that 
in ttie material deformalfo n area are, needless to siy. different The S-Scun^ 

ttie inflection point wlttiin a range of over 1 % of extenston rate, and a high modulus observed in ttie normal steel oord 
is not indicated at the beginning of the tensQe defonmation. 

(0063] As previously nrientioned, a tire for a passenger car is stojctured such ttiat ttie inte^ 
35 ativelylowandttietensionappliedtottieplycordisabout10%ofttiecordciAingslr^ 

witfiin a certain range to whfoh a cord in a tire is normally sut)je^ 

nnem has a low modulus deformalfon area in ttie bespnning of ttre exte 

a high modulus whKh is a disadvantage of ttie conventional steel oord can be pro 

ttie stick sif> resistance can also t)e widely improved. 
40 [0064] Since ttie steel cord in aocoidancewitti the present invention hardly changes its phy^^ 

high tbrrperalures in comparison witti polyester and nyton which ha^ 

car tires in ttie conventional art, and does not shrink due to heal, ttie conventional PCI is not requ^ 

for manufacturing the tire can be shortened. 

[0055] Furttier, since ttie bonding hardly deteriorates due to high temperature, ttiere is ttie advantage of easily improv- 
45 ing the Ngh speed durability of ttie tire. Also, since ttie cord strengtti and the adhesive property are sufficient even at a 

high teriperature equal to or more than 200^, it can suffKtentty function as the p^ 

[0056] Basically, ttie constructions of ttie cord is not particulariyBnvteda^ 

long as ttie cord satisfies ttie fMure descrbed abova The construction can be a singfe 1^ 

andttielikB.andalayeredconstructionsuchas1 +n(n:2to8),2-i-n(n:5to11),3 + n(n:6to12), 1 +n + m (n:5to 
50 8.m:1to15), 2 + n + m (n:5to 11. m: 1 to 17). 3 + n + m (n: 6to 12. m:1 to 18) and ttie lika Among ttiese ttie single 

layer constructfon such as 1 x n(n: 2 to 7) and ttie Bke is preferabl& The fiament inay be straight or plied A spi^ 

mentmaybeused. 

[0057] Furttier. ttie pneunnatic tire of ttie presem invention nriay have at least one belt reinfm^ 
wound outside ttie belt layer in a spiral and endless manner so as to be substantially in parallel to the tire peripheral 
55 direction, and ttie belt reinfordng layer is disposed afong ttie entire lengtii of ttie belt layer (as 'a capl and/or at both 
end portions (as "a layer^ of ttie belt layer. 

[0058] The pneumatic tire may be structu-ed as a run flat tire which may, furttier. have a reinforcing rubber layer which 
has a aoss section Ibrrned in a aescem shape provkJed on an inner peripheral surface 
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wall. 

[0059] The rubber ooniponem used for the present invention 1^ 

used. Prefercybly. the rubk>er oonponent Is natural ni3t>er or a diene synthetic rubber. As the diene synthetic ni)ber, sty- 

rene4]utacfiene rubber (SBR), butadiene mbber (BR), isoprene mbber (IR) are preferabia The niiber oonponent is 
5 used t>y itself or in combination of two a more kinds. 

[0060] After preparing each member of the tire by conventional method, they are assembled together and vulcanized 

by a conventional method to obtain the pneumatic tires of the present invention. 

[0061] VVhen the test tires were prepared, the cord counts were acfusted so as to make th^ 

stantially the same as that of the omtrol tire and efiminate any irtfluence off the Gou^ 
10 [0062] The tire total strength Is Gfdculated by the folkiwingec^^ 

[The tire total strength] = [the count of the cord at the center or the crown portk)n] 
X [strength of the coid taken out of the tire] Ikgf^5cm] 

IS 

[006^ The tensile stress aft a speciftoek)ngaftion of the ntteroorvpositk^ 

in accordance with the Japanese Industrial Standard (JIS) K630M 995. In additk)n. the hardness of the mbber compo- 
sitxxi used in the present inventnn is measured in accordance with the Japanese Industrial Standard (JIS). 
[P064] Vlariousldnds off et^luation methods emptoyed in these exampl^^ 

20 

(1) Steel cofdtensie test 

[0065] A steel cord was taken out of a spool without applying any excess stress on it The steel coid^ 
toatest according to JIS 03510-1992 in which an Initial k)ad of 50 g was applied at a grip interval of 250mm. Then, the 
2S niaximum toad and the rnagnitude of the extension required to cut (brealO 
speed of 25 nirVMn. to cak»late the values of the cutthg 
cutting. 

[0066] Theina^itudeoftolal6xtenskxiwascakailatedbythefdk3wingforr^ 

30 Total extension at cutting (%) s (E/L) X 100 

wherein E: The change iri the lentfh between the grips of extended sanple at the lim^ 
interval (mm). 

[0067] Further, the S-Scunre was drawn tyy a toad-extenskmaulornatk: recording appe^ 

35 

(2) Steel fianent tensie test 

[0068] A steel cord was taken out of a spool without applying any GQccess stress on it Then, fi^^ 
of the steel cord witfxxit applying any excess stress on tfiem. The maximum toad and tfie magnitude of the extenston 
40 required to cut the test piece vvasnneasured in ttiesarnernanner as in test (1). to cakM^ 
arid the total inagnitude of extenston at the tirne off cutting. 

(3) Coni compresston fatigue resiatance 

45 [Q069] The cord to be tested was inserted into a cylindrical mbber sample so that the tongitu^ 

inder correspCTfted to the axial directtori of the cord. Ttien, compresston stress was applied repeatedly to the axial 
directton of the cord, and the number of appik^lton of the compresston re^ 

(4) Pitch length and magnitude of forrnng 

so 

[0070] A steel cord was taken out of a sped without applying any excess stress on it Then, filanr^^ 
of the steel cord wHhout applying ariy excess stress on the filament T^ 

wave-fike shape, were straightened without applying any excess tension. The pitch length and the magnitude of forma- 
tion as shown in Fig. 5 were measured under a magnifying glass. 

55 

(5) Drumdurab9ity 

[0071 ] The tires to be tested whose internal pressure had been set at the maximum air pressure of JATMA were left 
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in a room at a tennperature of 29*C ± 2^ for 24 houis. Then, the tntemal pressure was adSusted to the maximum air 
pressure. The tires were pressed onto a drum rotating at a peripheral speed of 60 l<m/h under the load twice the maxi- 
mum load capacity of JATMA, and were rotated. The running distance acNered before the occurrence off trouble ms 
expressed t)y an index wherein the value obtained from the tire of the comparative example 1 was set at 1 00. TTvs index 
5 represents dmm durability. The higher the number, the better the durability. These are appropriate test conditions for 
evaluating the durability of a bead portion. 

(6) Stick slip characterislic using actual cars (stick sip resistance) 

10 [0072] *StiGk dp" is a phenonrienon where, if the steering wheel is turned to the e^ 
tires suddenly cease to grp the road when the wheel is turned to a particular angfe greater 
there is no response when the wheel is turned further. Accordkig to the errpfoyed testing method, an internal pressure 
of 2.0 kg/torn? was appfied to the tire, the tires to be evaluated were HfK^ 
ger car of 2000 oc size, the car was then mn straight at a speed of 80 knVh or nme. an^ 

15 to the extert that the tires began to squeal. VVheAher or not the tire grip force was sudde^ 
angle and a response from the steering wheel was lost at that pdnt was tested (a 

characteristic "OBSERVED" shows that the stick slip resistance was not good, and the actual car stick sip characteristic 
"NONE" shows tiiat tiie slick sip resistance was good. 

20 (7) Reduction rate of cord diameter 

[0073] A steel cord was taken out of a spool wittx>ut applying any excess stress on it The code (fia^ 
ured by a projection method using a microscope. TTien. foad was applied to ttie cord and ttie cord cfiameter was meas- 
ured using the sanne projection method. A ratio (coed diameter under a foad being ooe tiiird of ttie tensile stress at 
2S breaking ol each coni/icxxddKuneler under no to 

(8)Runftatdurabilify 

[0074] A rim was assembled under an internal pressure 3.0 kg/bm^ and was left in a room temperature 38^0 for 24 
50 hours. Thereafter, a core of tiie valve was puUed out so as to set ttie irternal pressure at 1 kg/c^ 
pressure). A dmm running test was perfonned under a a)n(fition of a load 570 kg, a spe^ 
perature 38^0. A running dstance acNeved before any trouble was observed was defined as a n^ 
was espressed by an index in wNch ttie value obtained in ttie comparative exanple 1 was set to be 1 00. The greater 
ttie Index, the better ttie mn flat perfbnnanca DurabiGty at a tirne of char^ inte^ 

55 

(Durabiity of ttie tire fo a normal running for ttie tires of ttie fourth ent)^ 

[0075] A rim was assemUed under an internal pressure 3.0 kg/bm? and was left in a room ternperalure 25^ 
hours. Thereafter, the internal pressure was again adiusted at 3.0 kg/bm?. The tire was pressed onto ttie drum rotating 
40 at a perpheral speed of 60 kin/h under a toad twk» as much as ttie JATMA maximum to^ 
tance'acMeved before ary troiAle was observed was ineasured to esfiiiia^ 
ttian 20000 km was supposed to be nrnri^ by x, and a case more ttian 20000 k^ 

Ductility of a cord taken out of a tire 

45 

[0076] The steel cord is taken out of ttie tire and aD ttie rnatrixnttercortposition was care^ 
of ttie cord was nneasured in a sanrie inanner as in a case of a raw cord. 

[0077] Rrstiy.apneumatictireforapassengercaraccordingtoafirstaspectofttiepresentinventim 
befow. 

50 [0O78] In ttie embodiments of ttiis aspect, the specific steel coid is used as a reinforcing material for reinforcing at 
least one layer of a carcass layer of ttie pneumatic tire for ttie passenger cars. 
[00701 It is necessary ttiat ttie specific steel cord used in ttie present invenlton has a nm^ 
enced at a predetenmined amount of extenston) lower ttian that of ordinary steel cord. However, ttie ductiTity at the time 
of cutting (hereinafter refOTed as "ductility before breaking") ttiereof is required to be higher ttian ttiat of aromatic polya- 

55 mide, and also ttie initial nxxlulus thereof is required to be tower ttian that of aromatic polyarrade. 

[00001 This kind of characteristk; can not be obtained by a nornrial steel cord. Hcwever. after contemplating the pos- 
sfoOity ttiat a low modulus and a great ductility before breaking is obtained by providing a very large forming to a fia- 
ment, it has been discovered ttiat ttie desired steel cord having a fiig^ ductility before breaking and a tow modulus can 
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be obtained by setting a large anKxmt of forming in comparison witti the pitdi length of the filament 
[0061] Further, as a result of considerfng the compression modulus and compression fatigue resistance required for 
a ply cord of a tire for a passenger car. the fbitowing findings were obtained. More specif icalty. when the conventional 
steel cord is compressed, a bucMing is generated in a portion where a cord exi^ 
5 iiYxn equal to or less than 1%, and when a compression Input equal to or nmeth^ 
the bucMing portion substantially absoibs such a newly applied compression 

only in the budding portion. That is. the buckfing. generated at a time of the compression deformation in this manner, 
significantly increases the compression modulus of the cord itself under the low compression distortion input until the 
bucMng is generated, as weH as towers the fatigue resistance of the co^ 

10 10062] There was also disoorared the possUity that the compression input co^ 

vature of the f Oament and thus reducing the compression modulus and widely Irr^oAng the fatigue resistance even in 
the steel coid. With this improvement, a significant improvement of the fatigue resistance which has been a disadvan- 
tage of a steel ply and elimination of the stick slip may also be possble. In short, an effect of improving the fatigue resist- 
ance^ wNch is far more exceOent than that obtained by the conventional narrowing of thefflament diameter can be 

IS achieved, by absorbing the cfistortlon input of the cord with a deformation of the filament ilseif. Here^ since the cord 
bucMing is not generated, a conpression nnodulus in a level equal to an organfo fibe^ 

VmSi In the steel cord used as the rerifordng material in this embodiment the feature thereof is. as mentioned 
above, summarized as Ihe distortion input applied to the cord is absort)ed by the defbnmation of the curvature of the 
filament". 

20 [0064] The reduction rate of the (iameter of the cord should be 20% or rnore, and is prefe^^ 
rnore preferably 45% or nriore for suffidently securing the fati^ 

(006^ Further, since a cord constituted such filaments which has a high ductility before breaking can absorb ttie 
distortion by ttie deformation of the curvature of ttie filament itself even when receiving ttie tensile deformation input, 
ttie initiai modulus can be widely reduced in comparison witti ttie conventional steel cord. It is, as mentioned above. 
2s consMeredttiat ttie ply cord in ttie tire receives only about 10% of ttie cut stre^ 
can be improved. 

[0066] Furttier. ttie diameter of ttie filament of ttie steel cord is 0. 1 25 to 0.275 mm, and preferably 0. 125 to 0.230 mm. 
When the dimeter is less than 0.125mm, it is hard to extend the wire at a time of manufacture (ttiis means that a suf- 
fident tensile strengtti may not be obtained), and the cord strengtti is towered, resulting in a reduced strengtti of ttie 
30 case member of ttie tira When it is over 0.275 mm, ttie fatigue resistance is deteriorated and ttie cord cfiameter 
beooriies too thkdc Accordingly, these extrerne cases are not prefM^ 
[0067] In ttiis case, ttie steel cord in ttie presemembocimem is used as a reinforcing mal^ 
the carcass layer. 

[0068] Furttier, it is prefMUettial ttie cord having ttie fraturernentioned above 
3S tira 

[0069] Furttier. ttie pneumatic tire of ttie present invention rnay have al least one M 
[009Q] Thestructureofttiepneuiiiatictirefbrttiepassengercarsafttiepresentinvenlfon 
reference to ttie drawings. 

[0091] Schematic cross sectional views of ttie pneumatic tire for a passenger car in accordance witti ttie present 

40 embodimentareeD(emplifiedinFigs.1.2and3. 

[0092] A pneumatic tire 20a in Fig. 1 is structured such ttiat botti ends of a carcass ply 4. using steel cords whose 

coRf cfirection nine in ttie racBal direction of the tira are bem around a pair of rigtrt an^ 

bem portion is GO % a height H of ttie carcass ply 4, a height h' of a bead finer njbber 9 is 50 % of 

t>elts 5 are disposed outskJe the carcass ply 4 in the radial direction of the tire in a ring configuration, and a tread rubk>er 

45 3 is disposed in a tire road contacting surface portion above the steal t)elt8 5. Furtfier,askiewallportion2andabead 
portion 1 are anranged on the carcass layer on botti skies of the tread rii)t)er 3. 

VXBSl The pneumatictire 20b in Fig. 2 is structured such ttiat two sheets of belt reinforcing layers 7 (cap) and 8 (layer) 
are disposed on an outer periphery side of the steel belt 5. Mentbers other than this are the same as in Fig. 1. 
[0094] A pneumatic run flat tire 20c In Fig. 3 is structured such ttiat ttie reinforcing rubber layer 10 having a crescent 
so shaped cross section (for exampla rubt>6r having a maximum thickness of 13 mm and a hardness of 80 degrees) for 
sharing and supporting a load is arranged on an inner periptieral surface of the carcass ply 34 in the side wail portion 
2. Merrbersottier than this are ttie same as for Rg. 1. Or ttiistire may also have a t>elt reinforcing layer as shown in Rg. 
2. 

55 (Explanation Of cord) 

[009^ Tables 2 and 3 respectively show ttie steel cord of ttie present enrixxJinnent and a conventioncU cord. Furttier, 
Rg. 3 shows an S-S curve of each d the cords in Tables 2 and 3. arid Rg. 4 shews the results d a 0^ 
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resistance of a representative cord. 

[0096] The(X)idofNa1inTat)le3isapolyester(xxdwtiichi^ 

car. The carcass ply cord thereof ts a polyester miiti filament cord used for a conventional tire, and uses a polyester 
multi yarn fomwd fay plying tm 1670 dtex nfMiti yarn 
5 length for each of the ply-lwisdng and cable twisting. After i 

is a conventional dq> FKiuid for a polyester, the ply was treated in a dry zone ^ 

seconds and in a hot zone at 240*C under 0.7 kg/(cord) tension for 60 seconds, and was again immersed into a dp 
liquid conprising a resordnol-folmaldehyde tettex (RFL) under a cfip tension of 200 gAx>rcl. The ply was again heated 
again in the dry zone at 240*'C under 12 kg/(cofd) tension for 60 seconds and under 0.7 to 0.9 kg/(cord) hot zone ten- 
10 sion for 60 seconds, in total for 240 seconds. As a result, the cold to which 

[0097] In this case, the tension of the final hot zone in the (fiptreatmem process is 

g/cord to 700 g/cord so that an elongation at a specked load underaloadof 2.3 gWtex of the cord becomes 3.7%. A 
rubber coated sheet of coids (hereinafter referred to as a rubber-coated sheet) is formed so that the coids formed in 
the aforementioned manner are provided with a count of 50 per 5 cm. 

IS 19098] (>i the other hand, the a)id8 of No& 2 and 3 are respectively steel oordsta 

X 3 coristruclion arid are prepared as exainples of the oofd used as tfie t)ett cord of tfie conve^^ 
cords are generally called "open cords". In the case of open cords, gaps are provided between the filaments so that the 
inner portion of the cord can be f Bled with mbber. Due to this mbber f Hing, water is prevented from entering the inside 
of the cord and thus corrosion of the cord or the fiamenis can be eflectiveiy pre^ 

20 a land of inflection point since a sigM ply tightening is generated at the be 
these gaps are provided between the fiainents sinply for leaving some space ^ 

vulcanization, they are hardly sufficient in absorbing the distortion by the curvature d the filament which is an inportant 
feature of the present embocfimenL In adcfita'on. in order to maintain a high tensile rigidity and a bending rigicity which 
are an inherent function of the belt, mbber filing has always been attempted with as small space between thefBaments 
2s as possttsia Accorxfngiy, no curvature as great as tfiefaamern curvature of t^ example can t)e pro- 

vided. 

[0099] The steel oordsofNos. 4 and 5are respectively a ply cord havinga 1 xSoonslructionwft^ 
of 0.15 nvn. and a ply cord having a 1 x 3 constmction with a fiteunem (iaineter of 0.2 mm. These cords have a oo^ 
strength of substantially the same as that of the polyester cord of hJa 1 genera^ 
30 senger car. However, since these cords (Na 4 and Na 5) have a normal steel construction, and each of the fiaments 
fo brougM Irto oinlact with each other, the buckling defonnatton 

the same manner as ttie cords of No& 2 and 3. Further, once the buckling is generated in the cord, the buckling is 
always generated at the same buckling pdrnatatimeof a repeated deformatfon input afteraord. As a result, there is a 
(fisadvantage tiiat the filainem rnay be cut or even the cord itseff rnay be cut at tha^ 
ss that the fatigue resistance against the oorrpresskxi deformation is hardly inp^^ 
that the fiarnentcfiarneter is narrower than the cord used for the belt cord. 

[0100] ^fo& 6. 7. 8. 9 and 10 In Table 4 are steel cords in accordance with the present em^^ lnthisGase,as 
showninT^4.thecordconstnjctk>nsare1 x3. 1 xSorl x 6, the strength is made substantially near to the strengtti 
of the norriial polyester ply cord by adjusting the fflaniem diameter. Achle^ 
40 belt cord by increasing the filament diameter and ttte filament number could be chosen, however, in order to compare 
wHh the polyester cord of hto.1, this kind of cord constnjction is sele^ in order to dearly 

define the effMs of each of the nwteriafo and cord constructions^ the cord strength is sfig 
these cords, the S-S curve of a raw cord, which is a cord bdbre embedded in the m^ 

in Fig. 3. In a fow load area of tiie S-S curve, a very fow initial modulus is indicated, and the modulus is suddenly 
45 increased after a certain amount of load is applied. That is. a significant inflection point is recognized in the boundary 
thereof. More specifically, the filaments are not brought intocontact with each ottier in the fow foad area, or even if tfiey 
are brougtit into contact witti each other, the filaments can still freely defo^ 

filaments can not freely mows any more, the cunie enters a so-called rnaterialdeforiiftig area and a high nrxxiuluss^ 
ilar to that obsenred in the normal steel cord is generated. In the present errfoodiment. a motion of ttie filament in this 
so low load area is important, and it demonstrates the following two functions after vulcanization. Rrst. since ttie buckling 
defornialfon of the cord or the flaiTient can be restricted and the defon^ 

vature of the filament the fatigue reststanoe can be widely improved as shown in Rg. 4. Second, since the mbber is 
suffidenfly impregnated between the filaments, the filaments exist within the rubber in a slate where there is almost no 
contact between ttie filaments when no stress is applied, and ttie f Oamertts can defomi under ttie defbntiation. since ttie 
ss mbber is interposed, wittiout buckling or conrosfon being generated. The initial modulus may not be as high as the nor- 
mal steel cord, however, a modulus higher ttian ttie polyester cord can reliably be obtained. In ttie case of applying a 
nomnal steel cord to ttie tire ply. ttie riding comfort is reduced due to ttie high rigidity However, in ttie cord of ttie present 
ernbodiment. the riding comfort comparable to polyester can be achieved. 
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[0101] Further, the test results of the conpressionf^^ 
4. h the fxxmal cords such as No& 2, 3. aixl 4. the fiamenl » 
distortk>ns at a strain of 3.5 %. However Jn the ca^ 

No&6, 7,9arid lO.thefilamerrtisnottKOl^ipuiitilbythe applrafion of between several thousarid to as much as 
5 fifty thousand times of (fistortions at a strain of 1 0.5 % which is three times the strain of the conventional cord. Further, 
it is understood that even when thenunt)eroffiainentsinaoordandthe material thereof are changed, the comfjres- 
sion fatigue resistance of the cord is net greatly changed. 

[0102] The results of applying the cord mentioned eSxm to the tire will be specifically described below in detail as 
examples and comparative examples. 
10 10103] As for the tires used the examples and the oorvparative examples, the 
used for the carcass ply is shown in Table 1 . and eleiTientB contain^ 

3. Also, the nisber corrposition of the coating njbber used for the steel cord reinfbrcedbelt layer (and belt reinforcing 
layers) is shown in T^ 3. Table 1 and Table 2 may also be used or referred to for other embodiments, because the 
rubber composition of the rubber layer used for the carcass ply may be basicaly the sai^ in the 

IS presem invention and the mbber composition of the coating niter us^ 
reiriforcing layers) may be basically the saniie ki all the eniwdiri^^ 

[0104] By using these composition, under vulcanization conditions of ITO'C for 13 minutes, a tire having a tire size 
1 95/65 R1 4 and a tubeless structure was obtained, and the durability and stick slip resistance of the tire were meas- 
ured. The results are shown in Table 5. Other than chan^ng the etements of the carcass ply cord, the same tire was 
20 used and evaluated in all cases. 

(Comparative example 1) 

(OlOq ITiis was a conventional tire in which the No 1 polyester cord formed under the concfitions mentioned above 
as was applied to the carcass ply oord.Tlv8exarnple was used as a ooritrol for estimating^ 
sfip resistanca Further, the PCI was peribrrned for 26 mimjias with the 

(Comparative example 2) 

30 [0106] A tire was formed K>y using a nA)ber coated sheel, which was prepared in theses 

Exarnpfo 1 eoccepl for using hJa 3 strong steel cord as the nonrnal be^ 

cord had a high levelof strength, a count of 19.3 per 5 cm was set in order to nmto the ply totals!^ 

same as the control tira Further, the PCI was not perfbnned. 

[0107] Since the fiarnent ductility before breaidng was srnal and the fil^^ 
35 was also widely reduced in oonv)arison with the control. 

(Conparative example 3) 

[P108] A rut]ber coated sheet using the Na 4 steel cord as the ply cord and having a ooum of 50 per 5 c^ 
40 8trerigthofNa4wassub6lantiaUythesameast^1 inthecorrparativeeD^^ 

bte other than the ply cord were the saiTie as those of comparative exarrple 2. In this cas^ 
stnjction sirrilar to that of a nomial steel ooid and the ducting before 
low and the stick slip phenomenon was observed. 

45 (Example 1) 

[0109] A rubber coated sheet in which fsia 6 steel cord was used as a ply cord and a coum of TO 
the tire total strength was used as carcass ply, and a tire was forrried in the sanne inanner 
2. In this case, since pitch length and rriagnitude of forrningol the filanri^ 
50 of 6 mm and a magnitude of forming of approximately 0.58 mm, the distortion could be absort>ed ty the deformation of 
the curvature of the f lament As a result, the tire durability was improved, and the stick sfip was eliminated. Accordingly, 
the durability achieved was greater than that of the control tira 

(Example 2) 

55 

(Plliq Alire was produced in the same manner as in example 1 except that No. 8 steel cord was used as the ply cord. 
In this case, the cord was structured so as to tmve filaments of 1 x 5 construction wHh a filament diameter of 0.15 mm. 
The pitch length of the filarnenis was increased to be 7.55 mm and the magnHude of fo 
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about 0.64 mm. As a result. Ihe (fistortion oouU now be absorbed by the deformation of the curvature of the filament, 
thetiredurability was improved, and the stick sTp was d 
that of the control tira 

5 (BampleS) 

[0111] A tire was produced in the same manner as in example 2 except Na 9 steel In 
this case, the coiti was structured so as to have f laments of 1 xSconstrudion with a fiamentcfiameter of 0.15 mm. 
The pHch length was increased to 7.6 mm and the magnitude of forming was also increased to about 0.94 mm. As the 
10 result, the curvature of the filament was greater than that for No. 8, thetiredurability was more improved, theslickslip 
was eliminated, and the durability achieved was greater than that of example 2. 

(Example 4) 

IS [01121 Na 10 steel cord was used as the ply cord The same stmclure as in example 1 was appfiedeo^^ 
count was 29 per 5 cm. In this case, smce the ooid used afaarnent whk:h was m^ 

rial, its strength was very much Improved in conparison with the normal cord. Note tfiat although the ooid material was 
changed, the tire durability was further inproved, and the stick slip was eiminated. 



[lABLEI] 





(mnS BY WEIGHT) 


NATURAL FtUBBER 


100.0 


CARBON BLACK (HAF) 


50.0 


SPINDLE OIL (SOFTENING AGENT) 


2.0 


ZINC OXIDE 


5.0 


ANTIOXIDANT^) 


1.0 


VULCANIZATION ACCELERATOF^ 


0.7 


SULFUR 




ADHESIVE^ 


0.6 



^ 1) NOCRAC 6C (TRADE NAME. MANUmCTURED BY OUCHI 

SHINNO CHEMICAL INDUSTRIES CO. LTD.) 
9 NOCCB^R NSCTRADE NAME. MANUFACTURED BY OUCHI 
SHINKO CHEMICAL INDUSTRIE CO., LTD.) 
3) MANOBOND C22.5 (TRADENAME. MANUFACTURED BY 

40 RHONE POULBC) 

M50 (TENSILE STRESS AT 50% ElONGAnON) » 2.4MPa 
Ml 00 (TENSILE STRESS AT 100% ELONCSATION) = 4MPa 
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PABLEZI 





(PARTS BY WEIGHT) 


NATURAL RUBBER 


100.0 


CARBON BLACK (HAF) 


60.0 


SPINDLE OIL (SOFTENING AGENT) 


2.0 


ZINC OXIDE 


5.0 


ANTIOXIDANT^) 


1.0 


VULCANIZATION ACCELERATOR^ 


0.8 


SULFUR 


0.7 


ADHESIVE^) 


6.0 



1) NOCRAC 6C (TRADE NAME. MANUFACTURED BY OUCH 
SHINKD CHEMICAL INDUSTRIES CO., LTD.) 

2) NOCCELER NSfFRADE NAME. MANUFACTURED BY OUCH 
SHINKO CHEMICAL INDUSTRIES CO., LTD.) 

3) MANOBOND CS2J5 (TRADBIAME. MANUFACTURED BY 
RHONE POULENQ 

MSG (TENSILE STRESS AT 50% ELONGATION) » 2.8MPa 
M100 (TENSILE STRESS AT 100% BjONGSATION) = 4.7MPII 



[TABLE 3] 





CORD NO. 


1 


2 


3 


4 


5 


30 


(X)RD MATERIAL 


POLYESTER 


OPEN STEEL 


OPEN STEEL 


CLOSED STEEL 


CLOSED STEEL 




STRUCTURE^) 




1*5*0.2252> 


1*3*0.3 


1*5*0.15 


1*3*0 J20 


35 


STT^ENGTH OF FIL- 
AMENT (kg) 




13.2 


23.5 


5.2 


8.5 




PITCH LENGTH 
(mm) 




9.5 


16 


7.7 


11.4 


40 


MAGNITUDE OF 
FORMING (mm) 




0.84 


0.81 


0.45 


1.186 


STRENGTH (kg) 


23*) 


66.2 


70.2 


26 


25.5 


45 


DUCnLTTY 
BEFORE BREAK- 
ING (%) 




2.9 


2.7 


2.2 


2.2 


DIAMETER (mm) 


0.66 


0.8 


0.83 


0.44 


0.31 




DIAMETER REDUC- 
TION RATE (%) 




28 


20 


8 


6 


SO 


INFLECTION 
POINTS 


NONE 


NONE 


NONE 


NONE 


NONE 



1) STRUCTURE; oonstniction x FILAMENT DIAMETER (mm) 

2) INFLECTION POINT: INFLECTION POINT ON S-S CURVE WTTHIN A RANGE OF OVER l%OF EXTENSION RATE 

3) AN * (ASTERISK) IN TABLE 3 MEANS "MULRPUED BY*. FOR EXAMPLE. 1 * 5 * 0.225 » 1 x 5 x 0.225 

4) MEASURED IN ACCORDANCE WTTH JIS L1017-1983 

5) MEASURED IN ACCORDANCE WTTH JIS L1017-1983 
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[IABLE4 





OORDNO. 


6 


7 


8 


9 


10 


5 


CORD MATERIAL 


STEEL 


UHT^ STEEL 


STEEL 


STEEL 


UHT*> STEEL 




STRUCTURE^) 


1 •3*0.23) 


1*3*0.2 


1*5*0.15 


1*5*0.15 


1*6*0.15 




STRENGTH OF FILAMENT (kg) 


a4 


11.5 


5.2 


5.2 


5.2 


10 


PITCH LENGTH (mm) 


6 


6 


7.55 


7.6 


7 




MAaNI 1 UUc Ur rVJriMliMUi \rrn\) 


u.oo 


\J.iJO 




0.94 


0.94 




STRENGTH (ko) 


25 


34 


25^ 


2B2 


43 




DUCTILITY BEFORE BREAKING 


8 


8 


4 


B2 


7.1 


IS 


(%) 














DIAMETER (mm) 


0.98 


0.98 


0.74 


1.05 


0.9 




DIAMETER REDUCTION RATE 


60 


60 


45 


65 


50 




(%) 












20 


INFLECTION POINT^ 


PRESENT 


PRESENT 


PRESENT 


PRESENT 


PRESENT 



1) STRUCTURE: CONSTRUCTION x FILAMENT DIAMETER (MM) 

2) INFLECTION POINT: WFLECTION POINT ON &S CURVE WITHIN A RANGE OF OVER 1% OF EXTENSION RATE 

3) AN* (ASTERISK) INTABLE 4 MEANS TUIULTIPUED BY-. FOR EXAMPLE, 1*3*0.2 = 1 x3x0.2 
4^ UHT: ULTRA HIGH TENSILE 



[TABLE g 







COMmRATIVE EXAMPLE 


EXAMPLE 






1 


2 


3 


1 


2 


3 


4 




CORD NO. 


1 


3 


4 


6 


8 


9 


10 


3S 


CORD MATE- 
RIAL 


POLYESTER 


STEEL 


STEEL 


STEEL 


STEEL 


STEEL 


UHT STEEL 




com 

STRUCTURE 




1*3*0.3 


1*5*0.15 


1*3*0.2 


1*5*0.15 


1*5*0.15 


1*6*0.15 


40 


PERFORM- 
ANCE OF 
TIRE 
















45 


DRUM DURA- 
BILITY 
(INDE)g 


100 


29 


60 


175 


142 


200 


175 


SO 


ACTUAL 
CAR STICK 
SLIP PER- 
FORMANCE 


OBSERVED 


OBSERVED 


OBSERVED 


NONE 


NONE 


NONE 


NONE 



[0113] Asmentkxiedabove,inthepneuma6ctfreo^ 

that durabiTrty and stkdc slip resistance are vvx^ the carcass ply and/or the belt layer usmg a spe- 

55 clfk; steel cord. In addition, the PCI is not required and pro^ 

[01 14] Next, a second embodiment off present invention will be described below. 

[011S] TTiis embodiment is basically similar to the first embodiment hcwa/er, Hs unique feature exisls in that at least 
one carcass ply off the carcass portion is constituted by a steel oofd hanng a 1 X 3 6tm 
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specific nature is used therelor. 

[0116] Inthenormall x 3 steel cord, the ductility before breaWng is about 2% in boft 

ever, in the present embodinient. the ductaity before breaking of the cord is requred to be 3.5 % or more, and preferably. 
4.0 % or mora When the ducblity before breaMng of the oord is less than 3.5 %. not only is the slick sfip phenomenon 
generated, but also the fatigue resistance of the cord is significantly deteriorated. Accordingly, it is not preferaUa 
[0117] And aspremuslymentkxied, only astresswhk:hisdbout10%olthetensilest^ 
to be applied to the ply cord in the tira ft Is prefer^e to s^ the ductiKfy b^e breaking 0^ 
erably to within 10% and more preferably within 8%. 

[P1 1 q The specific steel cord is prepared in a simflar way as in the first entxximent 

(01 1 9] Further, the diam^ of the filament of the steel cord is 0.1 25 to 0275 mm, preferably 0.1 25 to 0.230 mm. If 

the diameter is less than 0.125 nm it is hard to extend the filanrie^ 

resistance may be obtained. As a result, the cord strength is towered, and thus the st^^ 

tire is reduced. If the diameter is more than 0.275 mm, the fatigue characteristic is deteriorated and the cord diameter 

becomes too tftick, thus it is not preferabia 

[0120] The carcass ply used in the present embodiment is a rubber coated sheet constituted by the steel cord and 
the nnalrix ni]ber composition, and can to 

[0121] The structure of the radial tire for tto passenger cars of the present eritodn^ 
reference to the drawings. 

[01 22] A schematk: cross sedkxial view of the ratfial tire for the passenger care in accordance with tto present 
embodiment is eKempRied in Figa 1 , 2 and 3. 

\pi2Sl Both ends off a carcass ply 4 using tto steel cord in whch carcass ply 4 a oord directran is 
(firectton of the tire are bem around a pair of rigm and left bead wires & A heigm h of a ^ 
H of the carcass ply 4. A height h' of a bead filer ntter 9 is 50 % of the heigm H. Two layere 
posed above the carcass ply 4 in the radial directton of the tire HI a ring-ike shapa Two shee^ 
7 and 8 are disposed in the outer periphery thereof and a tread rubber 3 is arranged in a tire ^ 
portion dbove the beH reinforcing lexers. r=ur^ 
layer on both skies of the tread mbber 3. 

[0124] Apneumatk; run flat tire 20c in Rg. 3 is stnjctured such that the reinforcing nibber layer 10 having a crescent 
sh^)ed cross sectton (for exampla rubber having a maximum thickness of 1 3 mm and a hardness of 80 degrees) for 
sharing and sijfsporting a toad is arranged on an inner peripheral surtEU» of 
2. Mefii)ere other than this are tto same as for Fig. 1. Or this tto 

Rg.2. 

[0125] The various kinds of evaluation methods used for the exanpies and comparative examples mentioned betow 
we as follows. 

(1) Cord tensile test 

[0126] PerfonrnedinthesarneiTiannerasthea[torennenttonedexarnple& 

(2) RIament tensile test 

[0127] Performed in the sarnenrianner as the aforennenltonedexainpl^ 

(3) Drum durability test 

I012q Performed in the sanwnrnnner as the aforementtonedeocarnp^ 

(4) Sttok slip characterislto of actual care (sttok slip resistance) test 
[0129] Performed in the same manner as the aforementtoned examples. 

10130] In the tires of the examples and the comparative exarrples. the composition of the coating rubber (the rubber 
ii^) used for a steel oord reinforced-carcass p^ is shown in Table 1 (that is, the composition may to bastoally the 
sarne as to the first ernbodinnent), and elenrienis contained in the carcass ^ 

the rubber composition of the coating rubber used for ttie steel cord reinforced-belt layer (and beft reinfordng layere) of 
the present embodiment is shown in Table 2 (that is. the composition may to bastoally tto same as in the first entxxl- 
iment). 

[0131] By using these composition, a tire having a tire size of 195/65 R14 and a tubeless structure was obtained, and 
the durabifity and stick slip resistance of ttie tire were measured. The results are shown in 'Wbs 6 and 7. Except for 
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changpng the elements of the carcass ply ooid, the same lire was used and evaluated In an cases. 
IP132] Next the examples and the oonpaiatltfeeMamples off ttie present 

(Corrparative example 21) 

pn33] This is a tire using a polyester carcass which is generally sold in the mark^ 
The tire was manufactured ffi the same manner as other steel ply tires to t)e 0tf^^ 
for the carcass ply was prepared as belGw. 

101 34] The carcass ply coid thereoff was a polyester multi filament used for the conventional tire, which included a 
polyester mutti yam of 1670 dteK/2 ply which was prepared in the sanie manner as in the fi^ 
[0135] A njtA>er coated sheet was prepared so that the cords formed in the aforeni^^ 
acountofSOperScm. 

[0136] The lire was manufactured under vulcanization conditions, which was 170^0 x 13 minutes, PCI internal pres- 
sure 2.5 kg/cmf and time duration 26 minutes. 

1)01 37] TTiis tire substantially equal to the conventional one was set as a control tire, and the tire duratxIHy and the stick 
sSp rasisteuice were estimated. 

(Comparative example 22) 

l!013q The ttigh tension steel cold having a filaniertcfianneter 0.3 mm 
ventional k)elt cod in the ply iinterial was used. Arutter coated sheet 

parative exanrple 21 except that the tension steel cord having a filament cfanrieter 0.3 mm an^ 

and used as the conventional t>eit cord In the ply material was enrplpyed. This fdbber coated sheet was used for the 

carcass ply. Since this cord had a high cord strength, the ni)be^ 

19.3 per 5 cm and the ply total strength in the tire became the same level as th^ 

not performed. 

[0139] Since the flarriert ductility before breaking was sman and the fila^^ 
was widely reduced in comparison with the control. 

(Comparative example 23) 

[0140] The steel cord made of a normal strength steel material and having a nia^ 
3 construction was used as the ply nmterial. Experimental conditions were the san^ 

22 except that a coiHit of 21 per 5 cm was set for securing tiie tire total strengtti. Since the f lament of this cord ms 
stnictured such that the ductility before breaking was large fc)y setting tiie p^ 
tion at approxiinately 0.68 nm, the cord diameter was approximately 1.05 mm. 
10141] The tire durabitity was Infiroved on comparison with oorrpaiafivee^ 

(Comparative example 4) 

[0142] The steel cord nade of a nonnal strengtti steel materia) and having a fi^^ 

3 construction was used as ttte ply material. Experirnental conditions were ttie same as tho^ 

2 e)(cepttiiat a courrt off 29 per 5 cm was set Since ttiis cord was structured such that 
ttie conventional steel cord and the ductility b^bre breaking was not made lar^ 

s6p phenomenon was observed. 

(Example 1) 

[0143] The steel cord made of a normal strengtti steel material and having a filament diameter of 0.25 mm and a 1 x 
3constaictionwasusedasttieply material. Experimental conditions were ttie same as ttiose in comparative Example 

4 except ttiatttie coum vvas set at 29 per 5 cm. Since ttiefOamem of ttiis cord was struck 
brealdng was nnade large setting the pitch at 8 mm and ttm magnitude of to 

was irrpraved. and ttie slick sTp was not observed. As a result better d^ 

(Comparative example 5) 

[0144] The steel cord rnade of a nonrial strengtti steel nriaterial and having a fia^ 

3 constaxrtion was used as ttie ply nnaleriai. The court was set at 50 per 5 cm because ttie cord 
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same oofd strength as the control tire. The pitch length d the filament was about 1 1 mm, the magnitude of the formation 
rate was 0.4 mm and the cord S-S curve (fti not have an inflection point as in the m 
durat>i8ty was poa and the stick sifp was observed. 

5 (Examples 2 to 4) 

[0145] The steel cord made of a nonnal strength steel material and having a fia^ x 
3 construction was used as the ply material. The count was set at 50 per 5 cm because the oord had substantialy the 
same cord strength as the control tira The pitch lengths of the filaments of t^^ 
10 set at about 10 mm, about 10 mm and about 11.5 mm. The magnitude of formation rates were respectively 0.75 mm, 
0.88 nvn. and 1.1 nin.TheoordS^cun«hadaninnectionpoirtdifl^entfromtheoonventk^ 
tifity before breaking increased. As a result, the tire durability vvas Improved and the stick sl|p was not obsenred. 

(Comparative example 6 and exaivple 5) 

IS 

[01481 ThesteelcordmadeofanonnalstrengthsteelmatBrialandhavingafiamem 
3 construction was used as the ply rnaterial. Since the cord strength was sinall, in tN^ 

5 cm. FiHther. since the ductility before breaking of comparative example 6 and exanv^le 5 were respectively adjusted 
and set at 2.2 % and 5.6 a great dmerence was made in the tire durabiity and su^ 

20 the stick sip as wel. 

[01471 TTieS-Scun^ of the steel cord used in each of ttieexanples and me conparati^ 

wil be shown in Fig. 7. 
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nABLE6| 



5 





COMPARA- 


(X)MRARAr 


COMPARA- 


COMPARA- 


EXAMPLE 21 


COMPARA- 




TIVE EXAM- 


TTVE EXAM- 


TIVE EXAM- 


TIVE EXAM- 




TIVE EXAM- 




Dl C Oi 


PI C 09 


PI p 9^ 


PI P 




PLE 25 


CARCASS 














PLY CORD 














MATERIAL 


POLYESTER 


STEEL 


STEEL 


STEEL 


STEEL 


STEEL 


STRUCTURE 


- 


1 x3x0.3 


1 x3x0.3 


1 X 3x0.25 


1 x3x025 


1 x 3 X 02 


DIAMETER 


- 


0.61 


0.66 


0.53 


0.9 


0.76 


(mnrO 














STRENGTH 


23 


60 


105 


40 


40 


26 


(Kb) 














DUCTILITY 


13 


3 


52 


2.5 


6.7 


22 


BEFORE 














dKcAIvINIji 




























DIAMETER 




03 


0.3 


025 


025 


02 


OFFILA- 














MEm'Cnvn) 














STRENGTH 


- 


20 


17.5 


13.9 


13.6 


92 


OF FILA- 














MENT (mm) 














DUCTILITY 


- 


32 


8 


3 


- 


2.9 


BEFORE 














BREAKING 














Ur rlLA- 














MENTf%) 














PfTCHOF 




- 


8 




8 


11.4 


rlUwIcN 1 














(mm) 














PERFORM- 




























TIR? 














DRUM 


12000 


3500 


4800 


3900 


14000 


7800 


DURABILITY 














(km) 














DRUM 


100 


29 


40 


33 


117 


65 


DURABILITY 














0NDE}Q 














ACTUAL 


NONE 


PRESENT 


PRESENT 


PRESENT 


NONE 


PRESENT 


CAR STICK 














SUP PER- 














FORMANCE 















55 
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riABLET] 





P)CAMPLE22 


EXAMPLE 23 


EXAMPLE 24 


COMPARATIVE 
EXAMPLE 26 


EXAMPLE 25 


CARCASS PLY 












CORD 












MATERIAL 


STEEL 


STEEL 


STEEL 


STEEL 


STEEL 


STRUCTURE 


1 x3x0.2 


1 x3x0.2 


1 X 3 X 0.2 


1 x3x0.15 


1 x3x0.15 






1.13 


1.28 






STRENGTH (kg) 


26 


25l8 


26.2 


14.0 


14.0 


DUCnLITY 


4.8 


7.6 


10.4 


2.2 


5.6 


BEFORE 












BREAKING (%) 












DIAMETER OF FILA- 


0^ 


0.2 


0.2 


0.15 


0.15 


MENT(mm) 












STRENGTH OF FIL- 


8.9 


8.9 


8.7 






AMEMr(mm) 












DUCTILITY 


5.4 


6.5 


6.3 


_ 


_ 


BEFORE BREAK- 












ING OF FILAMENT 












W 












PITCH OF FILAr 


9.8 


9.9 


11.4 


- 


- 


MENT(inm) 












PERFORMANCE OF 












TIRE 












DRUM DURABILITY 


19000 


21000 


36000 


7500 


22000 


(km) 












DRUM DURABILnY 


158 


175 


300 


63 


183 


(INDE)0 












ACTUAL CAR STICK 


NONE 


NONE 


NONE 


PRESENT 


NONE 


SUP PERFORM- 












ANCE 













[914q As menfoned above Jna(xxxdan(»wflh1hepne^^ 
there is Gbtained the ac^arnage thai dur^^ 

using a specif k: steel cord. In additk)n, as the PCI is not required, productivity can also t>e improved. 
[01491 NexL second aspect according to the present iriventionwiD be described bei^ 

pi sq The present errtxxiiment is characterized in that riding comfort and slick sTip resistance of a pneumatic tire 
having a carcass ply reinforced tv a steel cord can be improved by using an orga^ 
for at least one layer of the belt portion so as to reduce the ri^dlty of the belt por^ 
10151] In the pneunriatic tire for a passenger car of the present embodinient at lea^ 

prising at least two layers is constituted by an organic fber cord or a specific steel cord in accordance with the present 
entiodimenL Accordingly, for exanple, in the case in which the belt portion coriiprise two layers, the belt layers are con- 
stituted by a coniM'nation of an organic fiber cord and conventional steel oord layer, or a combination of the specific 
steel cord layer in accordance with the presem efitx)dimem and the oonvem 

two organic f ft>er cord layers, or a oorrfoi nation of two specific steel cord layers in accordance with the present embod- 
iment or a combination of the organk; f foer cord layer and the specific steel cord layer in accordance with the present 
errtxxiiment. 

[01S2] The ^ of organic f ber cord is not particularty limited, and includes generally used organic f foers, such as a 
polyester cord such as a polyethylene terephthalate. a polyethylene naphthalate and the like, an aromatfo polyamide 
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(araiT^ oord, an alf)hatic polyamkto oord such as nylon and the like, a polybenzoxazole (PBO) cord, a polyvinyl alco- 
hol (PVA) cord, a polydefine ketone (POK) ooid, a r^on oord and the Oka. Furttier. these cords may be used in oombi- 
natioa Among these cords, a polyester oord and an aiariiid oord are pre^ 
[01531 Anexanpleoftheni)berconf)osHionorthea>alingni^ 
reinforcing layer is shown in Table 8. 



[TABLE q 





(mRTS BY WEIGHT) 


MATURAL RUBBER 


80.0 


Styrene-Butacfiene Rubber^) 


20.0 


CARBON BLACK (HAF) 


60.0 


SPINDLE OIL (SOFTENING AGENT) 


2.0 


ZINC OXIDE 


3.0 


ANTIOXIDANT^) 


1.0 


VULCANIZATION ACCELERATOR^ 


0.8 


Stearic Add 


1.0 


sulfer 


2.5 



1) #1500 (TRADE MARK. MANUFACTURED BY JSR CO.. LTD.) 

2) N0CRAC6C (TRADE NAME. MANUnVCTURED BY OUCHI 
SHINKO CHEMICAL INDUSTRIES CO., LTD.) 

3) NO(X)ELER NS(rRADE NAME^AANUFACTURED BY OUCHI 
SHINKO CHEMICAL INDUSTRIES (XX, LTD.) M50 (TENSILE 
STBESS AT 50% ELONGAnON) » 2.8MBa M100 (TENSILE 
STRESS AT 100% BJONGAnON) =4.7MPa 



101541 ttsholid be noted that in the tires Of the foltow^ 
entedimem, the conposilm of the ooati 

be that shown In Table I (that is, the oomposition may be basically the same as in the first enixxfimenQ. Similarly, the 
nUer composition of me coating rit)ber used for »^ 
presort entatment may be thai shovm in IWe 2 (that is, ^ 
embodiment). 

[01551 lriacoordancewnhthisembodiment.asmentionedaboveim^ 
one 1^ of the bett layers is summarized in that Ihe cfistortion in^ 

of the curvature of the fiamenr. According^, as k)ng as the oonJ Is made of a proper cord material, the constructions 

are n6t particulariy Bmtted and any kMs descnl>ed before can be u 

pnsq Whenthisspedfiedsteeloordisappliedlbratleastonelayerofm^ 

of the cold IS 35 % or oKxe. and prelMbly 45 % or nme for suffidently ensuring tt^ 

[0157] Further, as mentioned in the first embocfiment the organic p^oxdki the fr^ 

10 % of the cut Strength, and the steel cord of the presert embocfimert is easay extended under ^ 

ular, has a initial odension modulus equal to that of a nylon or a polyester, and a rid^ comfort of the tire can be 

improved. 

[0158] Further, the diameter of the filamert of the specific steel cord is 0.125 to 02^^ 

0.230 mm. When the (fiameter is less than 0.125 mm. since it is hard to extend the wire and thus difficult to output a 
sufficient tensile strength at a time of manufacture, the cord strength is lowered. When the diameter is over 0 J275 mm. 
the fatigue characteristic is deteriorated and the cord diameter becomes too thick. Which is not prelerable^ either. 
[0159] Conventionally, as the reinforcing material for the belt layer of a radi^ 
cases. However, there is a disadvantage in such an application that cord bend 

reduced so as to reduce the weight of the steel cord. This has been an obstacle in the way of tightening the tira 
[0160] A so-called open cord in which the matrix rubber composition is impregnated inside the cord for the purpose 
of improving corrosion fatigue resistarx;e is convnonly used as a t)elt cord. However, in the case of the filament of the 
steel cord used for the presort embodimert, it can deform to an extern that its diarn^ 
under a k>ad stress which is one tNrd of the crt strengths si^iificanfl^ 
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mentioned above. Further. In the cord of the present enibodimert. the ooid bending as seen in th^ 
cord is not generated even when the count nunt>er of the belt cord is widely reduced. The steel coid of the present 
enixxiimem is formed by plying a piurafity of filarnents having a strand diameter of 0.125 to 0.275 mm. The steel cord 
has an inflection point on the S-S curve thereof witNn a range of over 1 % of extension rate and has a reduction rate of 
5 the diameter of the cord being equal to or more than 20 % and. preferably, equal to or more than 35 %. Accordingly, 
there is an advantage that the ooid bending as seen in the ooriv e ritional steeled 
count of the belt cord Is significantly reduced. 

[0161] In the presemennbodlment this steel cord can be used for at least one layer of the belt po 
PH G2] Further, the pneumatic tire for a passenger car of the present embodiment may have at least one belt reinforc- 
10 Ing layer. This belt reinforcing layer m^ be provided in a whole (as a 
the belt layer. 

[0163] The belt layer used in this embodrnentooriprises the reinfoidng 
can be manufactured by a conventional method. 

pn&n A structure of the pneurnalfo tire in aoxxdance with the presertem^ 
15 erencetothedrawfogs. 

pneq A schemalfo cross sectional view of the pneumalfo tire of the present errt)^ 

2and3. 

[D166] Apneijniatictire20ainFig. 1 is structured such that both ends of a carcass ply 4 using the steel cord in which 

the cords are arranged in the racfial direction of the tire are bem around a pair of rigM 
20 ofabertportionis60%ofaheigMHofthecarcas8ply4.andaheighth'clabeadfiHerrubber 

layers of steel beHs 5 are disposed above the carcass ply 4 in the radial directi^ 

one layer of the belts is an organic fber or steel cord in accordance with the present en^^ 

33 is ananged in a tire road contacting surface portion above the belts 5. Further, a 

tion31 are disposed on the carcass layer on both sides of the tread mbber 3. 
2s [0167] Thepneumatfotire20binFig.2isstnJClured8uchthattwosheetsofbeitrei^^ 

are dsposed In an outer periphery side of the two layere of steel belt 5 provided ^ 

other than this are the same as in Fig. 1. 

prieq A pneumatic run fiat tire 20C in Rg. 3 is structured such that the reinforcing rubber layer 10 having a crescent 
shaped cross section (for exanple, nisber having a maximum thickness of 1 3 mm and a hardness of 80 degrees) for 
30 sharing and siJf)porting a load is cmnged on an inner peripheral surf^ 
Members other than this are the same as Ibr Fig. 1. 

(Explanation of the cord) 

IP169I Table 9 describes the details of the belt cord according to the present erhbodiment and a conventionat belt 
ooid. Further, Fig. 12 shows an S-8 curve ol each of the cords in TbUe 9. 
[0l7tq Tllecordof^toL1 isasteeloordhavlngal x3x0.3openstructirewhichi&anexarT^ 
the beft cord of a conventional radial tire. The cord IndicatBS the S-8 curve as sh^ 
[0171] Thecordof 2 is rriade of an aramidrnuhi yarn of 1670 dtex/2 structure using 
tured E-l- Du Pom de Neinours). The twist nurTi>ers of both ply t^ 
wIM) an adhesive has been applied was forrned by dp treating the aramid ply cord 
dnol-lbhnaldehyde^eK type adhesive in accordance with a known 
as shown by (32) in Rg. 12. 

[0172] The cord of hto. 3 is a mono fiJarnert of a polyester 3340 dlex.whfoh has been trea^ 
samemannerasinthecaseofthearamidffoerof rfo.2. The cord Indcates the S-S curve as shown by (33) in Rg. 12. 
[017^ The cord of htoi 4 is a steel coid of 1 x 3 x 0.3. having a pitch length of 8 mm and a filament magnitude of 
forming of 1 . 1 mm. so as to be able to absorb a (fistortion l^y the filament deformation. The S-S cun/e shown tiy (34) in 
Rg. 12 is obtained. 

[0174] Thecordof No.5isasteelcordof 1 x5 x 0.15. having a pitch length of7.55 mm and a fiament magnitude of 
fornvng of 0.64 mm, so as to be able to absorb a distortfon l>y the filament defbnnation. The S-S cun^e shown tiy (35) 
in Rg. 12 is obtained. The cords of No. 4 and Na 5 are those in accordance with the present inventfon. whk:h clearly 
show an inflectfon point in their S-S curves. 

[0175] Theooidoff^eisasteeloordof 1 x5x0.225asaneKarTpleoftheoordusedasthebeltcordte 
tional radial tir& This cord indcates the similar motion as that of the cord isfo. 1 . and the S-S cunre shown tyy (36) in Rg. 
12 is obtained. 

[01 76] The results In a case In which a organic f ber cord or a steel cord mentioned above is applied to the belt layer 
of the tire will be described befow in detail as exairples and corrparative exarnp^ 
[0177] r^ormal tires are eo(erif>&fied in a coriparative example 1 and examples 1 to 5. 
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[0178] The tire to be exanined has the structure sh^ 

aiKJ uses a rulslser-Goaled sheet as a carcass ply in which the 0^ 

a coum r«irTt>er of 36 per 5 cn^ The t)ett comprises two lay^ 

exanples 1 to 4. one layer comprises a layer reinforced l>y the conventional steel cord and another layer comprises a 
reinforced by the cord shown in table 9. In the tire used in the example 5. both two layers are reinforced by the 
cord of the present embodiment The cord used for each of the tires and a material a^ 

in Tables 9 and 10. The belt cord is arranged with an angle of 20 degrees with respect to the tire peripheral direction. 
The conposrtion cf a rit)ber conrposite used for each of the rubber coated 

mentfoned eiXNe may be that shown in Table 1( the same as in the first enixxUmenQ, as previously mentioned. The 
tire was formed under these conditions, and the riding comfort and the stick sip perfonnance of the tire were measured. 
The results are shown in Tabte 10. Except that the elements of the belt 0^ 
estimation had the same feature 

(Comparative example 1) 

[0179] The tire was fbniied such that both two belt layeis used the rii)^ 

steel cord of 1 X 3 X 0.30 Cthe coid 1^ 1) as the ranfordng material at the courn numb^ 

[0180] The GOfd had a construction which was the same as that of the norrnal belt cord. Ao^^ 

breal^ was srnaD, the riding comfort was not sufficient and the stick phenomenon was observed. By setting the 

tire of the ootTparative eocampfo 1 as the contrd tire, the tire perform 

(Example 31) 

[P181] Among two sheets of the belt layers, the aramid cord of 1670 dtexC and twist num^ 

of ply twist X twist nunfoer of cabtetwisQ/10 cm was used as the bett cord In this case, the strike number 

was set to be 33 per 5 cm in the same nranner as the comparative eoenvle 1 . Sinoe t^^ 

was increased, the riding oornfort of the tire was iniproved. a^ 

(E9ample32) 

[0182] one of the two sheets of the beft lexers, a ntter-Goated sheet in «^ 

terephthalate) mono fHament (cord No. 3) of 3340 dta were provided at the count nu 

the belt cord. Since the PET was used, the c^lity before breaWng of the cord was sigrtmcanliy increa^ 

comfort of the tire was improved, and the stkic sTp wi» eimfoated. 

(Example 33) 

[01831 For one of the two sheels of the belt layers, a njbber-<»ated sheet prepared in the same manner as the com- 
parative exanple 1 except for using the steel cord of ^kx 4 as the belt cord ms used. T^^ 

X 0.30 constnjctton. the pitch length of 8 mm and the ntagnitude of formi^ mm and was capable of absoitxng 
the dfetortton by the defonnatfon of the filament Since the distortk^ 
volure of the filainent, the riding oonnfort and the sixdc sip resist 

(Example 34) 

[0184] For one sheet Of the two Sheets of the beft layers, a rubbernxiated Sheet tvh^ 
manner as coiiparative exariple 1 e«^ that ttie steel cord istoi 

(counQ nunfoer was set to be 45 per 5 cm in order to overcome the fow strength. The steel 00^ 
0.1 5 construction, a pitch length of 7.55 mm and the magnitude of forming of 0.64 mm and was capable of absortxng 
the distortion by the dekxrmatfon of the filament. Both of the riding comfort and the stick sip restslance were greatly 
Improved in the same manner as the exampte 3. 

(ExarrpleSS) 

[018$] Both of two sheets of the belt layers used the rubberKX)ated sheet prepared in 

produced. The riding oomfortabilify was further improved in comparison with the example 3, and the stfok sip was efim* 
inated. 

[01 86] Next, mn flat tires are exemplified in an comparative example 32 and an oauiple 3a 
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10187] ITie tire to be eocamined has a structure shcMmh 

coated sheet prepared by providirig steel cords of 1 x5 x 0.225atttiestrike(oounQr!uiit)er36per5crn,arKlarK)ther 
leyer uses a rii)ber coated sheet prepared as shown in Takie 1 1 . Further, a rein^ 

recipe shown in Tattle 1 , a harctiess 80° after vulcanization, and a maximum thickness 13 mm. is arranged inside the 
5 carcass nnainkx)dy. Except this, the sanrie structures as the norrnal tire wer^ 

slip resistance of the obtained mn flat tire were measured. The results are shewn in Table 11. 

(Comparative ^carrple 32) 

10 [gi88] IhetirewasforniedsuchthatbothtwobeltlayersusedanA^ 

cord of 1 x5xO^(thecord^laQatfhestrikenun^t>er36per5craTheperforrnancec^ 

internal pressure was sufficiently charged, shows that the riding comfort and the stick slip resistance were not good 

since the dteconnectkin extension degree ol the cord was sinaU. The tire off the eo^^ 

tire of the comparative eMample 2 as the oontrol. 

IS 

(Example 36) 

[01891 One of the two sheets of the t>elt layers used a ni3ber coated sheet fonned in 

parativeacanple 32. and for another sheet the atter coated sheet used in the exantple 4 in whk:h the steel cords of 
20 Na 5 were provided as the belt cord, at the strike number 46 per 5 crn. was used. 
[019(q Sincethedi5tortk)nooukibeabsort>edby1hedeforrnatk>nofthecu^ 

of the tire was improved, the stick sip was eliminated, and particularly the riding comfort t>etter than the oontrol tire was 
achieved. Further, the durability in the mn flat state in which the Internal pressure of the tire became k3w was excellent 
in comparison virith the tire of the cofif>araliv8 exaiipte 32. 



PABLES] 





CX:>RD NO. 


31 


32 


33 


34 


35 


36 


30 


BELT CORD 


STEEL 


ARAMID"^) 


POLYESTER^ 


STEEL 


STEEL 


STEEL 


tytATERIAL 
STRUCTURE^> 


OPEN 
1*3*0.33) 






1*3*0.3 


1*5*0.15 


1*5*0525 


3S 


STREMGTH OF FILA- 
MENT (kg) 


23.5 






17.5 


5.2 


13.2 




PITCH l£NGTH (mm) 


16 






8 


7.55 


9.5 


40 


MASNFTUDE OF FORM- 
ING (mm) 


0.81 






1.1 


0.64 


0.84 




STRENGTH (1^ 


70.2 


56.3^ 


23^ 


50.5 


25.8 


66 




DUCTILITY BEFORRE 
BREAKING (%) 


2.4 


5.3^ 


13^ 


7.7 


4 


2.9 


45 


DIAIMETER(nvn) 


0.61 


0.63 


0.66 


0.72 


0.74 


0.57 




DIAMETER REDUCTION 
RATE(%) 


20 






57 


65 


28 


50 


INFLECTION POINT^ 


NONE 


I^E 


NONE 


PRESEIMT 


PRESENT 


NONE 



1) STRUCTURE: CONSTRUCTION x HLAtMEhn- DIAMETER (MM) 

2) WFLECnON POtNT: INFLECTION POINT ON S^ CURVE WnTHIN A RANGE OF OVER 1% OF THE EXTENSION RATE 
DEFORMATION 

3) AN* (ASTERISK) IN TABLE 9 MEANS "MULTIPLIED BY*. FOR EXAMPLE. 1 * 3 * 03 « 1 x 3 x 03 

4) ARAMID: KEVLAR (TRADE NAME. PRODUCED BY TORAYDUPONT CO.. LTD.) 
9 POLYESTER: PCXYETHYLENE TEREPHTHALATE (PET) MONO FILAMENT 

6) MEASURED IN ACCORDANCE WHTI JIS L1017-1883 
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[TABLE 10] 


5 




[COMPARATIVE 






EXAMPLE 










EXAiyPLE 


















31 


31 


32 


33 


34 


35 


36 




TYPE OF TIRE 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


10 




TIRE 


TIRE 


TIRE 


TIRE 


TIRE 


TIRE 


TIRE 




PLY CORD 


















mmm. 


Sim 


STEEL 


STffi- 


STEEL 


STEEL 


STEEL 


34 


IS 


STRUCTURE^) 


r5nx225 


1*5^.225 


1*5^.225 






1*5*0.225 


1*3D.3 




BaTCORD 


















mSTlAYB^ 


















CORD NO. 


31 


32 


33 


34 


35 


34 


34 


20 


MATBVAL 


STEEL 


ARAMID 


POLYKTER 


STEEL 


STEB. 


STEa 


STEEL 




STRUCrURPJ 


r3-o.3 


- 


- 


1*3^1.3 


1*5T).15 


l*3nL3 






coum^ 


33 


33 


52 


33 


45 


33 


33 


25 


SECOND LAYER 


















CORD NO. 


31 


31 


31 


31 


31 


34 


31 






STEEL 


STEB. 


STEEL 


STEEL 


STEEL 


STEB. 


STSL 




SmUCTUREH 


m-3 


1*31L3 


1*3^ 


1-3T)i3 


1-3TL3 


1*3Dl3 


1*3113 


30 


COUNP 


33 


33 


33 


33 


33 


33 


33 




P8V0RMANCE0FTIRE 


















RIDING COMFORT 


CC^OL 


-^2 




+3 


♦4 




45 


3S 


ACTUAL CAR STICK SUP 


PRESENT 


NONE 


NONE 


NONE 


NONE 


NONE 


NONE 




PERFORMANCE 

















1) STRUCTUREC0NSTRUCT10N« DIAMETER OF RIAMENT (mm) 

2) COUNT: NUMBB^ CORDS PER 5 an 

40 



46 



SO 
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[TABLE 11] 





COMPARATIVE EXAM- 


EXAMPLE 




PLE 






32 


36 


TYPE OF TIRE 


RUN FLAT TIRE 


RUN FLAT TIRE 


PLY com 






MATERIAL 


STEEL 


STEEL 


STRUCTURE^) 


1*5*0-225 


1*5*0 j225 


BELT CORD FIRST LAYER 






CORD NO. 


36 


35 


MATERIAL 


STEEL 


STEEL 


STRUCTURE^) 


1*5*0.225 


1*5*0.15 


COUNTS 


36 


46 


SECOND LAYER 






CORD NO. 


36 


36 


MATERIAL 


STEEL 


STEEL 


STRUCTURE^) 


1*5*0.225 


1*5*0.225 


CCOUNT^) 


36 


36 


PERFORMANCE OF TIRE 






RIDING COMFORT 


CONTROL 


43 


ACTUAL CAR OTICK SUP PERFORMANCE 


PRESENT 


NONE 



1) STRUCTURE: CONSTRUCTION x DIAMETER OF FILAMeTT (mm) 

2) OOXm: NUMBER OF CORDS PER 5cm 



pn91] N^ariousestimaling methods ei^ 

(1) Steel cord tensOe test 

\fn9Zi Peribnned in the same manner as the alorementi^ 
[019^ The total extensm at a time of cutting ««(»l^ 

[0194] Total extension at disconnection (%) = (E/L) x 100 wherein E: extension at disconnection (mm), L grip inter- 
val (mm). 

[01951 Firtier, the S-Sciin« was draiim by a load-extension auton^ 

(2) Steel filament tensile test 

[0196] Perlbnned in the same manner as the aforementioned examples. 

(3) Pitch length and magnitude of forming 

[0197] Performed in the same manner as the aforementioned examples. 

(4) Ricfingcomlbrt 

[0198] An actual ruining test was perfbrnried on a dry asphalt road in a test course k)y u 
Comprehensive estimation was done t>ased on the impression of a test driver. 

[01 99] The estimation result is shown t3y a numerous value with -i- or - which indicate a difference t)elween the exam- 
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inedtfreandthecontrd. Tbegreateraposttiveva^^ 

couU not detect a difference of the performance be^ nrieans that the performance of the exanvned tire 

was excellent to an extent that the test driver was atile to detect the difl^ence between them when hefehe carcfuly 

observed it -I- 2 means that the perfonfnance of the supplied tire was exceli^ 

to detect a significam difference of the perforrrance between thera + 3 nneans M 

tire was escelent to an extern that the test drh^ was able to detect 

between them. 4- 4 nfieans ttiat the perfornriance of the Gxainned tire was exceHent to 

(ttiatis. not a professional test driver) could have detected a difference of th^ Finally. + 5 

means that the performance of the examnied tire was very eocceHent such that an oidmary driver could have easiy 
detected a difference of the performance between thent 

(9 Stick sTf) characteristic of actual cars (stick slip resislanM 

01200] Perfomradbi the sanie manner as ttieaforemertionedeMarnple& 

(6) Reduction rate of cord diameter 

[0201] Peribnned in the same manner as ttte aforemertioned examples. 

[0202] As nfientionedabo^ in the pneumatic tire acoorcing to ttie present ennbodvnent. thereto 

ti«e ttiat a riding comfort and a stick slip resistance are greatiy improved b^ 

steel cords for at least one sheet off the belt korer. 

[0203] 1^ a fourth enrt>odimemaccordng to the presem invention wia be described b^ 

[0204] In this errtxximent run flat tires having a specific feature is used the reinforcing cord of at least one of the 

reinforcing layers^ 

(g20q previously nientioned. the steel cord used for the presemenfoodi^ 
ductility before breakirig by making the rnagnHude of forrrin^ 

cord. Accordingly, tiie compression fatigue resistance is widely improved in comparison witti the conventional steel 
cord, so that ttie GOiipression input can be absorbed by the defonmation of 

[0206] In the present embodiment the dreadvanlage of the conventional steel cord can be overcome by ttie afore- 
mentioned signrficant irrprovement of the conrpression fEdigue resistanca In additioa ttie known advantageous feature 
of the steel cord such as a high fleooffal rigidity and ttie Ite reinains eff^^ 

the PET cord with ttie steel cord, ttie magnitude of deflection of ttie sleel cord at the internal pressure (of the tire) 0 
kgA^ is reduced since the steel cord has a Ngh flexural rigidty. As a result the heat generated by ttie tire decreases 
as weU. AccoRfingly. in ttie present ent)odment the pneuma^ 
be provided. 

Vtsmi The steel cord used in ttie present enfoodiment has 1 x n construction, in which n is a natural number equal 
to or less ttian 7. preferably equal to or less ttian 6. When n is rnore ttian 7. an anangeinent of the filanient is easiy 
disturbed This is not preferable because the impregnating perfo n na n ce off the matrix r^ 
ered. ttie alignniem of ttie cord is distuit)ed. and ttie high (fisconnection extens^ 
ttie diarneter of ttie fiarnem of ttie steel cord is 0. 1 25 to 0^75. preferably 0. 1 25 to 0.2^ 

is Ies6 ttian 0.125. it is tard to extend ttie wire and thus difficult to obtain a suflffo^^ manu- 
factwing. As a result ttie cord strengtti is towered and ttie sirengtti of ttie caserne^ 
case in which ttie (fianrieter is rnore ttian 0.275. is not preferable^ ei^^ 

Furttier. ttie ductiBty before breaking of ttie steel cord taken out from ttie tire is equal to or more than 3.5 %, preferably 
equal to or more ttian 4.0 %. When ttie extenskxi degree is less ttian 3.5%^ it is not preferabfe in view of ttie fatigue 
resistance of tfie steel cord itself. 

IP2081 lhecan»ssplyusedinttiepresement)odrnentisa)nstitutedbyttie8peciffo 
conv)OGition, and can be manufactured by ttie conventional mettiod. 

[0209] In ttie present embodiment ttie run flat durability Is furttier irrproved by provicfing a mbber reinforcing layer 

having a aescent cross section on an inner surface and/br an outer surface of ttie carcass layer using ttie steel cord. 

Providing the rubber reinforcing layer on ttie inner surface is particularly preferabia 

[P21Q] In ttie pneunratic safe tire in ttie presem embodiment at least one sheet of ttie down carc^ 

arranged between ttie skfe wall portion and ttie outer surface of ttie carcass layer ow 

[0211] Astnjctureofttiepneumaticsafetireinaocordancewittittiepresertembodinriem 

reference to ttie drawings. 

[P212] Anexampleofaschematiccrosssectionalviewofttiepneumaticsafetireofttiepresememb^ 

in Rg. 9. 

[0213] Botti ends of a tumed ip carcass ply 4a using a fayer of steel cord in which a cord direction is directed to a 
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radial direction of Ihe tire 20e are lumed around a pair ^ 

Tm layers of steel Iselt 5 are arranged above Ihe (»rcass ply 4a In a rad^ 

arranged In a tire road contact surface portion provided atxsve ttie steel t>elts 5. Further, side wall rubbers 2a and 2b 
are arranged on the carcass layer of botfi sides of the tread njbber 3. 
5 [021 4] An arrangement of the carcass portion in the tire side portion of the pneumatic sale tire in the present entxxJ- 
iment is exenplified in structures IJI and III in Figs. 9A, 9B and 9C. 

[021 51 In the structure I, in addition to the two turned up carcass ply 4a using steel cords, a reinforcing ntter layer 
49 having a crescent cross section (for example, a maximum thickness 13 mm and a Shore hardness 80 degrees) is 
arranged inside the carcass ply 4a having a 3P carcass stnjcture in which a sheet of down 

10 the most front layer. In the stmclure II, a reinferdng rubber layer 9 hawing a aescert cross s 

the carcass ply 4 having a 2P carcass structure in which an end of the carcass ply 4a using a sheet cf steel cord is 
turned tp to the tread portion enveloped stmclure. In the stmclure III, the reinforcing mbber layer 9 is arranged inside 
the cvcass ply 4 having a IP carcass portion In wNch a turned up ply fbrns an enveloped structura 
[0216] AstructuTBofthecarcassportionusedasaoontrdisthesarneasthatofthestructurelo 

IS ply using the PET is enfptayed in place of the carcass ply using the steel cord. ^ 
exanples is the cord obtained by c£d)fo twisting tM^ ply twisted y^ 

(Examples 41 to 44] (Comparative example 1) 

20 [02171 The compounding recpe of a nAber composition for the carcass ply mato 
layer may be that shown in Tdale 1 (that is, the composition rnayb^ 
ious elernents of the carcass ply cord and the structure of the carcass portion are shown in T 
in the tires of the examples and the conparalive examples of the present ernbo* the rubber composition of the 
coaling mbber used for the steel cord reinfdrced-belt layer (and belt relnfordng layers) may be that shown in Table 2 

2S (thatis,theoonpo6itionnreybebasicaDymesamea8inthefHStei^ 

[02181 The run flat (teabiity arid the durabifty at a tiine of charging Iheint^^ 
by using a tire having me aforementioned oorrposrtion and a tire Size 225^ 
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[TABLE 1Z| 





UUMrAKAl iVb 
EXAMPLE 41 


CA/vMrLC *H 


PYAMPI PA 9 


PVAMPI PA ^ 


cyAMPLE44 


CORD 












MATERIAL 


rcT 


Q 'III CI 


QTCCI 
OlccL 


QTPPI 
o 1 ecu 




STRUCTURE 


1670/2^> 


1X3 


1X5 


1X5 


1X5 


DIAMETER 


- 


0.20 


0.15 


0.15 


0.15 


(mm) 












STRENaTH(kg) 


22.5 


24.5 


24.5 


24.5 


24.5 


uUV/IILl 1 T 


14.3 


ft s 


BJ5 


8.5 


&5 


BEFORE 












BREAKING (%) 












ARRANGE- 


STRUCTURE 1 


STRUCTURE 1 


STRUCTURE 1 


STRUCTURE II 


STRUCTURE II 


MENT 












O'TOI I/*"n IDC 


OD CTDI ir*n IQC 

or o 1 nUU 1 Uric 


QP cm ipn IRP 
o" o 1 nui/ 1 unc 


or o 1 riiio 1 i/nc 


9P 55TRUCTIJRE 


IP STRUCTURE 
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[021 9] As Shown in Table 1 2. in the pneumatic run flat tire of the present embocOment the mn fiat mnning perform- 
ance Is widely improved whie maintaining the excellent performance such as the high durabii^ during the "hormai' 
ninning in which the tires have l)een charged at the normal internal pr 
PI220I On the coritiary, in the case of the pneumatic run flal tire using PET as the can^ 
example 41), the run flat duiat)aity is significantly deteriorated. 
[0221] As mentioned abcf^Jn the pneumatic njn flat tire of the presemembodinr^ 

the specTic steel cord, there is obtained an advantage thai the run flat ni^^ improved 
whfle maintaining the excelent performance during the nomial ninnlhg in which the tires have l>een charged at the nor- 
mal internal pressure. 

[0222] Next, a modified example of the present emkxxJimentwnit)e described below. 

[0223] This modified exarrple is basically the same as the fourth etrtediment mentioned above, however, its unique 

feature is characterized in that at least one sheet off rubber^ilamert fber conr^^ 

sition is arranged in the side wall portion. 

[P224] That is. In this modified example, the Otter reinforchg^ 

inside the carcass ply 4 of the side wall 2 of the fourth embodiment (refer to Rg. 1 0). and at least one sheet of mbber- 
f ilament f foer composite 1 1 having a thidoiess 0.05 to 2.0 mm and comprising a filament f ft>er having a diameter (or a 
maximum diameter) of 0.0001 to 0.1 mmandalengthofOmmormoreandarUbberoofrponentisalsoanangedinthe 
side wall portion. 

[0225] In this modified 6xanple.it is preferable that the rili)er-fiamemfi>er 00^ contains 4 to 50 % by 
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weight of filamerTtfi)er. Further, it is preferable that the ni)ber-flament fber composite 1 1 comprises a norHMOven isb- 
ric having a weight/hfi^ 10 to 300 gfir^ and the matrix rubber composition. In addHionp a sheet of dam carcass layer 
may be further arranged between the side viall portion 7 and the outer surface of the turned up carcass pl^ 
[0226] In the presem modified GMariple. the filament fiber used for the asthefi>er 

5 reinl6rdngment)er layer is diflerem from a cord faM 

rality of fber bundles are plied or woven. In short the non-woven fabric is preferably used as the filament fiber. 
[0227] As a material for the filament fber constituting the rUbber4itament fiber composite, one type or a plural types 
of f beis may be used. Such fbers may include: a natural polymeric fiber such as cotton, rayon, cellulose and the fike, 
a synthetic polymeric fber such as an alphatic polyamide. a polyester, a polyvinyl alcohol, a polyimide. an aromatic 

10 polyamide and the like, a carbon fiber, a glass fber, a steel wir& However, in view of a dimensional stability at a high 
temperature, an aromatic polyamide; a rayon, a polyethylene naphthalate. a polyinvde. acaitxxifber, a glass fber and 
a steel wire are preferabia As a concrete example of the aromatic polyamide fber, a pdyparaphenylene terephthala- 
mide. a pdymelhaphenylene terephthal amide, a polyparaphenylene isophthal amide, a polymethaphenylene isophthal 
amide and the like can t>e exemplified. 

IS [0228] The diameter a the nraxinnumdanrieter of the fber applied to the rubb^ 

within a range between 0.0001 and 0.1 mm, and preferably 0.0001 to 0.005 mm. Further, a length of the fiber used for 
the rubber^ilamentfber oomplo( must be 8 mm or more, preferably 10 mm a more. When the length of the fiber is 
short sufficient twining between the filament f bers may not be achieved, and thus the strength required as the reinforc- 
ing layer may not be maintained. 

20 IP22SI Either of the fbers having a circular cross sectton. and one having a non-circular cross sectnn may be 
enployed. Or. the fber be holkiwed. Further, a core-sheath sbructure in which different materials are anranged in 
an inner layer and an outer layer, or a fiber having a cross sectton of a star shape^ a pet^ 
like can be empk)yed. 

[9230] It is preferable that the filanient fiber is contained In the rubber4ilament fiber composite by 4 to 50 % by weight. 

25 When the rate of the fiarnent fiber in the complex is less than 4% by weight a uniform 

maintained and a rigicfity as the reinforcing layer may not be reliably achieved. When the rate is more than 50 % by 
weight it is not preferable, either, since the rate of the fber continuous layer is increased in the mbber-filannent fber 
conplex, thus a durability of the nbber-filament fiber composite is k>wered, and as a resent the dwabOity for the tire 
tend&tobek]wered. 

30 (P231] Intheribber-filamentfibercompositeusedfbrthepneurnatictire^ 
pie, it is prefMble to employ a non-woven fabric 

1102321 Asa method of manufacturing the non-woven fabric, a needle punch method, a caRfing method, a meftUow 
method, a span bond method and the like are suitable. Among these manufecturing methods, a carding method in 
which filamerits are crossed and twined by a water stream or a needle and a span bond method i 
35 bonded to each other are partk»larty suitable for obtaning the non-woven f^^ 

[P233] It is preferable that a weight (weig^ perl m^ of the non-woven f^tjric is within a range between 10 and 300 
g/hi?. Whentheweightismorethan300gper1 m?,thereisapos8bilitythatthegap^ 
not be impregnated with the matrix rubber compositton, depending on the flui^ 

not preferable in tenns the peeiing-off-resistance characteristk;s of the rubber-non-woven fabric composite, espedaly 
40 when used as a tire menber. When the weight is less than 10 g. it is not preferable, e^ 

a bnilbrmity of the non-woven fabric itseff, the non-woven fabric becomes uneven, and strength, rigidity and ductility 

before brealdng as vulcanized nbber-non-woven fabric a)mposit^ 

[0234] It is prefMble that a thk:kness of the non^voven fabric measured under 20 g/^ 

between 0.05 and 2.0 mm, and more preferably between 0.1 and 0.5. When the thickness is less than 0.05. it is hard 
45 to niaintain a uniformity of the non-woven fabric, and a strength and a rig^ 

Is insufficient When the thickness is more than 2.0 mn^ a gauge becomes thick when 00 

composition, and thus it is not preferable as a tire niember. 

[P23q Thenbbercompositionandthefilamentfiberarecombinedasaconposite 

ber composition to the filament fber at a stage when the menber fias not yet been vulcanized. More specifically, a mix- 
so ing can be performed by using a mixing machine conventkKialty used in a nbber industry such as a roll, a bahbury 
mixer and the like. In order to disperse the fiber well, it is preferable to ct^e the filament fber little by little. In the case 
of using the nonnivoven fabric as the filament fber, a sheet-shaped non-vulcanized njbber compositkxi is pressure 
attached to the non-woven fabric from both upper and lower surfaces or from one su^ 

like. As a result, an air vtrithin the non-woven fabric is well substituted with the non-vulcanized rubt>er composition. 
55 Depending on the fluidity of the non-vulcanized rubber composition, it may be necessary to perform the press-attach- 
ment under a elevated temperature in which a vulcanization reactk>n is not substantially started. Further, as another 
method, the non-vulcanized rubber composition may be Ikfuefied l7y using a solvent and the liquefied rubber composi- 
tion may be applied to the non-woven fabric such that tackiness can t>e obtained. 
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[0236] Further, at a time of preparing the njbber/fi^^ 

matrix rubber composition is excellent after vulcanization, the preparatory k)onding treatment to the fiament f i)er may 

t)e omitted. When the bonding is insufficient, the similar dipping heat set treatment as used for inaeasing landing force 

t)elween the fber cord for the tire and the rubber niay t>e ap^ 

[0237] WHh respect to physical properties of the njbberconposition used for 

that a tensile stress at a time of 50 % extension (M50) is 2.0 to 9.0 Mtp>a. and a tera 

sion (M100) Is 4.0 to 15.0 Mpa. 

[0238] The other stnjcture is basically the same as that of the fourth enfoocfiment mentioned abcve, thus the expla- 
nation thereof is omitted. 

JjOaaSl In 8umn»ry.aocoiding to this modffiedexarnple. the mn flat durability 
one sheet of mbber^ilamem fber composite in the side waD portm 

crescent cross section provided on the viner surface andfor the outer surface of the carcass layer using the steel oord. 
[P240] A tensfle stress of the rubber conrfX>sition used was nrieasured in accordance 
[p241] A perfo nro nce of the tire is nieasured in accordance with the foD^^ 

(1) Run flat durabil'ity 

[0242] In this case, the corrparative exarTf>les 1 , 2 and 3 respectively represent a oontroi for the examples 1 to 3, the 
example 4 and the example 5. 

(2) Durabifity during normal running 

[0243] The tire having a size 225^ R1 6 and inching the reinforcing mbber layer having a crescent cross section 
provided inside the carcass ply of the side wall portion was formed by the conventional method. 
[0244] Acori9oundrecv>eoftheatfoerconvx)6itio^ 
[Q24q MSOis4.5andM100 te10.a 



PABL£13| 





(WEIGHT PORTION) 


NATURAL RUBBER 


30.0 


BUTADIENE RUBBER*^ 


70.0 


CARBON BLACK^ 


60.0 


SOFTENING AGENT^ 


5u0 


ZINC OXIDE 


3.0 


STEARIC ACID 


1.0 


VULCANIZAnON ACCELERATOR*^ 


3.5 


AhfTIOXIDANT* 


2.0 


SULRJR 


5.0 


M50»4.5MP& 
M100«10.5MPa 



M: BR01 (TRADE NAME ; MANUFACTURED BY JSR CO.. LTD.) 
•2:FEF 

•3: SPINDLE OIL 

•4: NOCCELER NS (TRADE NAME, MANUFACTURED BY OUCHI 
SHINKD CHEMICAL INDUSTRIES CO.. LTD.) 

NOCRAC 6C (TRADE NAME, MANUFVKCTURED BY OUCHI 
SHINKD CHEMICAL INDUSTRIES CO., LTD.) 

[0246] The rufcsber-filamentfber composite was preepared by using a k)anbury mixer in the case that the non-woven 
fatxic was not used as the filament f it>er. and by pressure attaching the sheet-shaped non-vulcanized mbber composi- 
tion to the non-woven M>ric from both upper and Icwer surfaces or one sui^^ 
ttiat the non-woven fabric was used. 
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PI247| TTie used rubber oomposhkm was the same as the 
[024q The structure of the carcsissnray be selected from 

\fS2ASl Structure fV(Ref8r to Rg. 10A): 3P structure similar to that of Fig. 9A m which, in addition to two turned carcass 
l^ers» a sheet of down carcass layer is protnded at the outer skle of the turned 
5 fi>eroornposilion11 is provided on the inner side of a reinfDrcing rubber layer 49 h^ 
tion. 

[0250] Structure V (Refer to Fig. 10B): 2P structure similar to that of Fig. 9B in which, in addition to one turned ip 
carcass layer, another carcass layer Is provided with its end turned ip to the tread portion, and a rubt>er-f ilament fter 
conpositionll is provided on the inner side da reinforcing rubber Icqrer 10 h^ 
TO [02511 Stmcture VI (Refer to Fig. IOC): IP slmcture similar to that of Fig. 90 in which, one carcass layer is provided 
wfth its end turned up to the tread portion, and a rii]ber-4ilamertfi^ is provided on the inner side off a 

relnfordng mbber layer 10 having a crescent-shaped cross section. 
[Q252] The structure^eiated data of the respective tires are shown in Table 1 4. 
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[0^] It is understood that the durability of ttie lire can t>e Improved t>y ananging ttie rut)t>er-filament fiber compoeite 
in the side wall in any structure type of the carcass ply. As mentioned above, a pneumatic tire for passenger cars having 
excellent durability are provided in which bonded layers do not get separated at the mteifece even during a mn^lat nm- 
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Claims 

1. A pneumatic tire for a passenger «tf,(»mpri8in^^ 

a pair of bead portions; 

a toroidal carcass portion extending over both bead portions; 

at least two belt layeis provided in a crown portion of said carcass; 

a tread portion positioned at an outer peri)heral side of said be^ 

side wan portions piDMded at the rigm and left sides of said tread portion; a^ 

a steel cord sennng as a ranltxcing material fx reinfbrd^ 

belt layer. 

wherein said steel cord is formed by plying a plirality of fiaments each having a diameter of 0.125 to 
0275 mm, has an inflection poim on an &^ cun« thereof within a range of over 1% of extensim 
reduction rate of the diameter of said steel oordi which is a rale of the di^^ 
one third of the tensie stress at breaking to the (fiameter of the ooid under no load 
than 20%. 

2. A pneurnatic tire for a passenger car acoordng to claim 1, wherein the reduction rate of t^^ 
cold is equal to or mora than 30 %. 

3. A pneuinatic tire for a passenger car aoxxding to claim 1, wherein the reduction rate of tfiediam^ 
cord is equal to or more than 45 %. 

4. A pneunriatic tire for a passenger car according to daiml, wherein at least one belt rei 

outside said belt layer such that said belt reinforcing 1^ Is wound around said belt layer in a spiral and endless 
manner substantially in paraBei to the peripheral direction of the tire, and said belt reinforcing layer is disposed 
across the entire beH layer andfor at both end portions of the belt layer. 

5. A pneurnatic tire for a passenger car according to claim 4, wherein said belt reinforcu^ 
ooid. 

6. A pneurnatic tire for a passenger car according to daiml, wherein the oonstnjcti^ 
layerconstructionof 1 xn(2^n^7). 

7. A pneuinatic tire for a passenger car according to claim 1, wherein said steel cord is U8^ 
in ttie carcass portion. 

& A pneumatic tirB lor a passenger car according to daiml. wherein said pneuii^ 

a Apneunwrtictireforapassengercaracoordingtoclaiml.whereinsaidpneun^ 
forcing rubber layer which has a crescent shaped cross section and is prowkied on a^ 
the carcass layer in the side wall 

10. A pneumatic tire for a passenger car, comprising: 

a pair of bead portions; 

a toroidal carcass portion extending over both bead portions; 

a tread portion positioned at a crown portion of said carcass portion; 

side wall portions of said carcass; and 

at least two belt layers arranged on the Inner side of said tread portion, 

wherein a! least one carcass ply of said carcass portion comprises a steel cord having a 1 ^ 
the ductility at breaking of saki steel cord is equal to or more than 3.5 %, and the diameter of the filament con- 
stituting said steel cord is 0.125 to 0.275 mm. 

11 . A pneumatic tire for a passenger cars according to daim 1 0. wherein sakl steel cord is a cord having an innection 
point on an &S cunre thereof wittun the range of over 1% of extension rate. 



33 



EP0916S21 A2 



12. A pneumate tire for a passenger car aoconfing to daiml^^ 

outside said belt layer such that said belt reinforcing layer is wound around said belt layer in a spiral and endless 
rranner sitetantiaily in paraUel Id the peripheral direction of the tire, and said belt reinforcing layer is disposed 
across the entire belt layer andfor at both end portions of the belt layer. 

s 

13. A pneumatic tire for a passenger car acoordfog to claim 10, wherein the tire is oM 
not ndude a post cure inflation process during its rnanufaduring p 

14. A pneurnatic tire for a passenger car aocortBng to daim 10, wherein said pneumatic tire is a run M 

10 

15. A pneumatic tire for a passenger car according Id claim 10, wherein said pneurnatic tire is a mnM 
reinlbrctng rubber 1^ which hasao-escert shaped cross section and is provided on an inner peripheral surfara 
off the carcass layer in the side wall. 

IS 16. A pneumatic tire for a passenger car, comprising: 

a pair of bead portions: 

a toroidal carcass ply portion extending over tx>th t)ead portions; 
at least two beh layere provided in a croMffi portion of said car^^ 
20 a tread portion positioned at an outer peripheral side of said belt laye^ 

side wen portions provided at the right and left sides of said tread portion. 

wherein ttie cord of said carcass portion is made of steel and al least one of said belt 1^^ 
an organic ffoer cord. 

2S 1 7. A pneumatic tire for a passenger car according to daim 1 6, wherein said organic fiber cord is a pdyester cord or 
an aramid cord. 

18. A pneumatic tire for a passenger car according to daim 16, wherdn at least one belt rein^ 

outside said belt layer such that said belt retnfbrcing layer is wound around said belt layer in a spiral and endless 
30 manner substantially in paraOd to ttie peripheral direction of the tire, and said belt reinforcing layer is disposed 
across ttie entire belt layer andfor at botti end portions of the belt layer. 

1 9. A pneumatic tire for a passenger car according to daim 1 6, wherein said pneumatic tire is a run flat tire. 

35 20. A pneuinatic tire Ibr a passenger car according to daim 16, wherein said pneurnate 
reinforcing njbber Ic^ wtvch has a aesoert shaped cross section and Is provided 
of ttie carcass layer in the side wall 

21. A pneumatic tire for a passenger car according to daim 16, wherein at least a part of ttie carcass ply is reinfor ced 
40 byastedcordhavingal xnconstructionwittinbeinganatiralnuniberof2to7. 

22. A pneurnatic tire for a passenger car according to daim 16. wherein at least one layers 
forced by a steel cord having a 1 X n constmction with n t>eing a natural nuni^ 

45 23. A pneumatic tire for a passenger car, comprising: 

a pair of bead portions: 

a toroidal carcass portion extending ever both bead portions; 
at least two belt layers provided in a crown portion of said carcass layer; 
so a tread porlion positioned at an outer perpheral side of said belt layer; and 

side wall portions provided at the right and left sides of said tread portion, 

wherein the card of said carcass portion is rnade of steel, at least one of said belt 1^ 
sted cord, each sted cord is fonned tv plyiriO a pforaTity of faainent^ 

mm, each steel cord has an irilection point on an S-S curve thereof witttin a range of over 1% of extension rate. 
55 and ttie diameter reduction rate of said sted cord, which is a rate of the (fameter of ttie co^ 

one ttiird of the breaking strengtti to the diarneler of ttie cord under no load st^ 
35%. 
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24. Apneumatic tire for a passenger car according to daim 23, wherein at least one belt reinforcing layer is provided 
outside said beft layer such that said belt reinfoidng layer is 

manner subslantiaDy in paraBel to the peripheral direction of the lire, and said belt reinfordng layer is cfisposed 
acfoss the entire belt layer and/br at both end portions of the belt laye^^ 

25. A pneumatic tire tor a passenger car according to daim 23, wherein said pneumatic tire is a run flat tire. 

26. A pneumatic tire for a passenger car according to daim 23, wherein said pneumatic tire is a run flat tire having a 
rdnfordng rubber layer which has a aesoert shaped cross section and is prov^ 

of the carcass layer in tt)e side wall. 

27. A pneumatic sal^ tire for passenger car comprising: 

a carcass portion coniprising carcass ply layers oonpriang a plurafity 
in a rubber coating; 

a pluraEty of belt layers disposed on the outer periphery of said carcass portion ^ ^ 

a tread portion disposed on the outer perphery of said belt layers in the radial directs 

apairofsidewallsdteposedatthe leftandrightsidesof said tread portion, wherein both end portions of said 

carc^ portion are turned around said bead core and at least one carcass ply layer is reinforced by a steel 

cofd having a 1 X n constniction with n bdng a natural number off 2 to 7, and wherein tile dia^ 

ments of said steel a)rd is from 0.125 to 0.275 mm and the ducblity at breata^ 

the tire is not less than 3.5 %. 

28. A pneumatic safety tire for a passenger car accorcfing to daim 27. wherein a rubber reinford^ 

cent-shaped cross section is further provided on the inner peripheral side of the carcass ply layer in said side wall 
portion. 

29. A pneunnatic safety tire for a passenger car according to daim 27. wherein at 1^ 
conposite having a tNdviess of 0.05 to 2.0 mm, comprisffig a fOarnent fi>er hav^ 
eterofO.OOOlloO.1 nvnandalengflicffSmmormoreandanisbercomponent isan^ngedinthesidewa^ 
tion. 

30. A pneumatic safety tire for a passenger car according to daim 27, wherein at least one 
corrposite having a ttiidmess of 0.05 to 2.0 mm, comprising a flament ffoer having a 

eter of 0.0001 to 0.1 nm and a lengtti of 8 mm or more and a rubber component is arranged on ttie ira 
side of said rubber reinfordng feq^. 

31. A pneumatic safety tire for a passenger car according to daim 27, wherdntiie flamed 
by weight of said mbber-'faament fiber conposita 

32. Apneumatic safety tire for a passenger car according to daim 27. wherein said rubber^ilamentffoer composite 
comoprises a non-woven fabric having a weigM per 1 m? of 10 to 300 g/hi^ and 

33. A pneumatic safety tire for a passenger car acconfing to daim 26. wherdn at least one d(^ 
ther disposed between said side wall portion and the outer suriace of said carcass ply 
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@ EXAMPLE 1 
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STRUCTURE IV 



46 



EP0916S21 A2 




47 



